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CO 0 1 7] 

y^U^T^K^ GFRa3XaGFRa 1 3 ft G F R a *°U-<7°?- F t 
[0 0 1 8] 

SU©»ftl«Ta, *56Wtt/^y (pan) - tftW^t, %®A> - J&SH? 
5^V^7°fFfc, TGF - 5 U-fr £©'>&< tfe-O0/<y 

CO 0 1 9] 

Fra^r^-f 5 y>t° u ^7°^ F\ zou&wmi&gftRxfznzvffifr* 

«tlh7^x5y^^l-^FWJ (SH»^(SEQ ID N0)6^e8) £gL 

<a^tx?>©Wf* Cia?ij»(SEQ id No)9^e. int. 

7;l/X 5 > 7 £ FBS^'J (@B»^CSEQ ID NO) 3 7 fr5 3 9 ) fcSb < « 

^H5«f* (IS»^(SEQ ID NO) 6 0A^6 2) fc, WKa^^'J^X 

CO 0 2 0] 

*8UB<!D*ffji&# y 7 ^ F&, j£H&7;V*r 5 V ^7°^ F (S^J» 
(SEQ ID NO) 3*^5) > #tC, @3A, HI 3 BRZfM 3 C tC&mZ tlTzm&m 



(16) W% 2002-534957 

^(SEQ ID NO) 6 5 8 U 7 £ K^U£3*- KT§ t F #'J 5? £ 

^F£> «W4^Rv>XT;V"r5^l)?^l/^K (K«§(SEQ ID NO) 
3 4 Z 3 6 ) , IB?fJ#^(SEQ' ID NO) 3 7 £ 3 9 U 3* ? P*?" F 

>>t°U^7°^ F C^n^n, E»-5#(S£Q ID NO) 4 0 £ 4 1 ) s 
tU BE?U#^(SEQ ID NO) 4 2 £: 4 3 <D^'J 7 £ L^f- FIH^J^n- K« t F 
R^V^X7°n - 7;Vr 5 V^IJ 7 ^l^-f-F^ Mt/fc7°l>- 7°o - 7;l/75 
55 ? Wf- F C^tl^tU I2»-^(SEQ ID NO) 2 6 2 9) , » s S 
»^(SEQ ID NO) 2 4, |2?iJ«(SEQ ID NO) 3 OXttEPJWCSEQ ID NO) 4 
6 F * U 7 * U^f- Fe#l£SB3W§(SEQ ID NO) 2 7 SWXtfy 7 £ U 
^FiH^J^^n-F-r^^^xyu- 7°D - 7;Vf$yt°'J?^l/tf K^t 

m t j&mrfrT- z>t zt^t & # v f ^ n~ f u mmRxin -« 

#7;Vt ^ >7°l^ - 7°D - ffi$,<m%te<»# U ^7°^ FO«3S©IRt, «7;V 

*;k>Xf-f^^7#@C*y-A;l/^f^> (E?U##(SEQ ID NO) 1 
9 t 3 3 ) <D4? V ^7°^ K*3- FT £7;V7 5 y# U 7 ? l^f- FE?iJ®fflJ# 

[0 0 2 1] 

t: F g L < » v7 7 7>Vf - 5 V # V 7 £ I^t F t ; vf 7* U £V XT 5 £ 
?LHRtf#'Pi?LM»5>7;V-r^ FTS#U 7 * F^«£« 

[0 0 2 2] 

[0 0 2 3] 



(17) 2002-534957 

7;Vt- ^ >tf u ^7°^ KSL < imMvrc&KTJl'T* 5 y#u ^ 
^ 1^3- §7;Vx 5 y# y ? * y^ F^M«-^r§ £ £ ± 0 , 
/yMT&UI^tiSo MS, MSMIfffSHL 

;^^yyyi, nyfyfyfe j*«f^ iOTMft, WMUM 

[0 0 2 4] 

kvunKiz, ^m^-Y®>m^=-^-uy®tc%®M F7^fsy« 

; iie^«tOT^n§7;i/75 y£3- V ? * u^f- HOW ; II 
^^.K»jtJ:0 7;l/7^y©A^?S©W ; 1$fc:~:i-ny 

^^«^®a-oJi#t ; mmm&. m^^-^ym^mm^mx^mrM 
®ffl& ; «rt©7;v7^y y^;i/©^mRtFg«^©W ; 7;y^yite 

[0 0 2 5] 

#Hf?Btt, 7;Vx^yilLT*«|SI^^nfcr:a-;V^ V y/^Wr7-fV 
/GDN F U^y F77 5U-OfrLl/^y^~^3-F1-S^fVAWc DN 

r^(Q^{ummn%{m*<D%mmmmo %/i 75,41 4^dsi?n 

0 8/9 8 1,7 3 9 £Hei§0 8/9 3 1,8 5 8 ^tia«^tl/c^;V-fe7 >r V© 



[0 0 2 6] 

HH<D£#£iEit£tf£o 7;Vx^va, -fy^fniDGFRo! 3/RETtG 
FRffi 1 RET I^7£1£^©^£?£tt{fr*-£S;&V GFRa3/RETtt 

So 

[0 0 2 7] 

T;i/x5ytt, /vfx;W/y F?VAge?iJ ( 

h g t s) f-^^7^7^ty*tT, *X^7°U - 7°P - -a-^'J V 

7 ^ /^E^j^fijffl LTfgB^nfco z. h g t s mmwm l 

(AC005O38£:AC005051) . D N A FfSlTV - 7°0-i 

-^yyiiffira-eftSDNAofflis^wrso fe^u ^©h g t s 

h g t s I3^J©-7?« (AC00 5 0 3 8K 1 9 7©?^I/tfF©X 
M/7f^t (?^U^K6 7, 4 6 4^6 7, 6 6 0) , SS&WfcWu 
7;Vf5>Si (SIB) OfflffiWO? # K663fr£467 t|SHT* 

fe5LtW|L, ffi7b"tt (AC 0 0 5 0 5 1) , 7;Vr5y« (01 B) CO 

5t^U*^Fll 3, 3 7 9*^1 13, 56 1) OXM/7^tbWc 0 
[0 0 2 8] 

irm«@?03-xVy^«rajS1-Shg t sffl\T!&Zfr&fr*&. 

7 W-f- F£iil|i£-£3 hgis *V 3 ? * U*^ F7°^-f 

£§SftL/c 0 fi&5#y 7^U^F^ffi»S2n, £©ffiWli»hg t s 

iH^ijt:ffl^r«, @ i kiL^tmwm j f/i±?tri<xi L Fmw (ia«^ (seq 

ID NO) : lfr£2) m&iLTTco IB^iJW (SEQ ID NO) : l©U-xV>^7b 
^(7)-oa»7n - 7;VT5y75y»KWJ*n-KU 1MXXE 



(19) WS200 2-5 3 49 5 7 

u m i k<D9M?'<yfrm'?f&-<o?v is>m&Tmmir% 0 m<DG dn f v 

3$y F (S3 2 a) ©S§^«tifc«tb7;i/x5y ChART) £y/^g 

(DT^^Vhtt, 7^f5^GDNF U #y K7T5 U— <£>$9£&>* y>S 
S*HT?£0 0l$4 5%©|SM£) s GDN F»«%§ Oft 3 6 %€>!HH4 

[0 0 2 9] 

7;Vf S ^3 - Ft S^gm R N Al5¥(ltSfcft t hM^7X7 

A7^77 ! J-OcDNA« (RACE) P C ROjfijfifcif} (H£fr$ fca&££l 
fflbfco t FM^775b^©Mc DN (HlBRtfHlC) 

#fr < €>^#W R X X R 7 U y 7°o f7- t?M SSMftfc £ 0 #!E£nfc (0 
2B) o tfmRNA E?'J £: ? / AiMeM £ ottlkfrZ, 7;l/f = >3-fV 
y^« (02BROT2C) iL^zoo^ybnymu 
»GDNF77 5U-y^y F£>7n - K^yjCTBdJ^nfc'l'y hpy t 

[0 0 3 0] 

t:ffi|HlT^§iSi?aM©»Xiatlltt^^ Ir1^<7 

©»¥W7^-fe^y77A^cfcD#M^?)nt#§ 0 7°U - 7°D - 7;v 

r 5 y £: it, 7y - 6 b < « u -^Xfif ^/Ha?iJf»t 7°n - ib^JM t , 
»«S^n/c«75/«^^T§7b - 7PfiScSH?^#T^ J: 
^lim^o 7p - 7;Pf5yfc», S/^;ME?U1S« 



(20) flU 2002-5 3 49 

[003 1] 
[0 0 3 2] 

;>yy yXttt h7;Vx5>tt h^W7-f^J:95:^7n^ (paralog) 

Kingsley, Gene and Dev. 8: 133 - 46, 1994£r##ir § t c 
[0 0 3 3] 

a-f^y^hw (dnastar, inc, 7^t?y»fVy 

y) <D^;y^7 0 ;l/ia?iJ7^^y^y h^^XcWS (Higgsffi, Cabios 8: 189 

-191, 1992) mmLTW$z&rcz^vtznM<Dmvm&(OA-^yh(%) 

7^^y/>hA^gm^nfcMcDXD7^MLTiaiTp ) nSo s«e 
M7 5 ^ y ^ v h &£fil&7 5 -r y * y h ox u 7 lt#s c t * 

4i> ^ T^H^ff W l^}: J; S'Wl/r -f I4X3 7 Eim* e> ti& 0 *7°a ^ 
©^>7 7"WfY= 1 o ; M77^y^y h©*> 'y71^t^r^ - 1 

o ; <7M7^y^yh^k-£7°;Kk~tupie) ffl= i ;^7^7^-ry 



i.tCfffl^tl5SlliSSPAM2 5 OT?feS(DayhoffSA\ in Atlas of Pr 
otein Sequence and Structure, Dayhoff, Ed., NBRF, Washington, Vol. 5, su 
ppl. 3, p. 345, 1978) 0 
[0 0 3 4] 

zi^mmfMmm-'Wm^nts Sterne, mn^remmm-^ 

%£5K, v>)X7;Vf5Vt\ ^//l/rSylSB^ HKzjl^'J^ 
7;Vf5>T^5o HttK, vyXGDNF. v^X-^-^'JyX^X 

^)^y^yvm~-'m\^n^.t^mc^ »E^i^ f )x7;VfryTfe 

D , 77hGDNF, 7 7h-a -}\>V U > S(f7 'y 1- ^V-fe 7 ^ > T?|SI-ttf IJ 
££»&f g««^'y h7;l/f-5>'T&5o tif^i-^'jy 

[0 0 3 5] 
[0 0 3 6] 

mi a, mMr^^y. mM-^^y^y. ii-a-^'jy^Mi 

A^CilGD N F <Dtm<Dfctb(Dm—&XideriUUy) ( I )|iJ^£ffiMconserva 
tion)(C) m&Zmt 0 Iith7;Pf5y (hART) t. iI?7X7/bT 
57 CmART) fctDRB, *b7;Pf5yfcJllth^-b7-f > Ch P S 
P) t, «tfr.a-7'jy (hNTN) Xf«hGDNFfc©FI^ 0 

2 ami 2 b T7 v-y y * y vmm hxtmm^\ tm%m&mm 



(22) #52 0 0 2-5 3 4 9 5 7 

&m*pz>%mmmmo 8/931,85 8 ^^ia»L/c 0 

[0 0 3 7] 

mil 





mi 










hART v. mART 


88 


90 


hART v. hPSP 


45 


48 


hART v. hNTN 


49 


51 


hART v. hGDNF 


36 


40 


hPSP v. mPSP 


81 


81 


hPSP v.rPSP 


80 


81 


mPSP v. rPSP 


94 


96 


hPSP v. hNTN 


49 


50 


bPSP v. hGDNF 


40 


43 


hNTN v. mNTN 


90 


93 


hNTN v. rGDNF 


44 


53 


hNTN v. mGDNF 


43 


52 


hNTN v. hGDNF 


43 


53 


mNTN v. rGDNF 


42 


52 


mNTN v. mGDNF 


41 


51 


mNTN v. hGDNF 


41 


52 



y <0|fflfD|wHft«*?I 8 0 % T'& 0 „ — ^^Xt"7yh 7 ^ y t CO 



t h - a -;V7 u y t ^n^n. < t 1 5 % (Dmmm-^mmicmt 

[0 0 3 8] 

WJ±©rcJ6, IfiH^OGD N F U jtf y F7 7 5 'J -©7 7 5 U y^-IH 

;l/7 ! J yh^A 9 %<DlB?iJ|nHtt£^ U t:hGDNFfc®36 %01H^UIr1 — 14 

U HhGDNFi:jKr4 0%©E?IM-tt*^f5o Kt, th-a-^'J 
y«thGDNFtl54 3%Oi^ljra-ttM«o ioT, GDNFU^F 
7 7 7^f5X na-^7 ! Jy ^;Wf7f yx& 

|Wf lift© G D N F CDBB^J©^ 40%J:v^ S<K©E?iJfflH£W U 7 ;Vr 5 y 
% ^a^'jy, ^;WJ7-fyX*4Rll5aOGDNFi:t5l3 0^e.fi6 0%(D 

[0 0 3 9] 

St 1 ©f-^Mt LT S GDNFU *fy F77 5 D -©-^<D^ y> Wi 
, £hGDNF£Hh^a-;Vyyy^HWC, XSGDNFiHs ^tl^tl 
7^XGDNFfcY->Xna-;l/7'J>J:-I»liLT(/^j;?^ ffiO 

7 7 ^ u y^-£ o a^^v>iH^jp-ttwr§ t fi^ns 0KS#fpn 

5,7 3 9,3 0 7 ^£#M) o Mfc, G D N F D F7 7 5 U -£>ffi£<E>-- 
£^y^-tt TGF - /3X-~^77^U-OMn^OMO>iyA-J;0*>SiJ 
©77 5 U -pt y^-^#%@2»H4£#-f £ £ fc^itnS (Kingsley 
, Mfi) „ 

[0 0 4 0] 

GDNFU^jy F7mV-(D>l>^-m<DUm±, H4T?feBIKSn, MSB 



(24) 2002-534957 

y»GDNF, ~3.-)VWy (NTN) , ^;Wz7 -r > (PSP) 
;l/f5y CART) tOkMffim©T5>r»«>h^-ro c©77^^yhA^ 
7^7 5 > 7 ^ y a 9 6 il© 7 ^ 4 6 ^ M t (4 8%) , 

f 5 y ii - a-;V7'J y J: 9 6 SIO 4 8 ^ftt L (5 0%) , 7;V-r5> 
fcGDNFI49 6$|gC95t>3 6*^WTS (3 8%) £:^5jIT\ 7;Vf5y 

[0 0 4 1] 
[0 0 4 2] 

^J;0^il-r^ci:^^^ ; g>7;l'xSy^y^7°^F^-a-^ti2)o DM*. $V 
ADNA, mRNA^L<^c DNA^#t?5?^U^^FIB?iJ^3-F-r§» 
0 l ^ & H 3 tc^-T ffltiWE^J t <D; W f V ?<< faXcj:^ T#liS 
<i57/l/f 5 J K^n«. SttDNAS^Jtt, tb7;V7^y^ 

[0 0 4 3] 

7°£kt ««7Ktt©IiJiI (A, V, U P, W, FRtfM) %^t%>7^/ 
SiJ^»-7°tK, i£tt?«ttfijfi (G. S, T\ Y, C, NRtfQ 



(25) WM2 0 0 2-5 3 4 9 5 7 

IfcfffcD, gij0^;V-7fctt, «MJ» (G, A, V, LRtfl) £«fS7 

wi<D^v-^iatr^y^mm (n. q, k, rmh) **rr 
$>§o 0»W75/M««, r-k;e-d s y-f, l-m;v-i 

[0 0 4 4] 

*K^H^^nft7;V7 L 5y|BMoW^S-3-t?>o fflAXti^TS/ 
n-m, c -*MiH4^»7 5y«?'j^MitiB^nxa^^nt# 

GFRa 1 / R E T&If/XttG F R « 3/R E T^U 

*im?%o ftfcU »T|l]^$n«iit:F7;V-r5y^'J^7 0 ^Fi:Ni: 

^4te^Mmim / Mtt-?& l 9, OT©M7JC^-rSGa 1 4 - E 1 k/G a 1 

4 - Luc i/,t:-^>xfAm 0 to mmvtf-~h%m±^m3LMi t& 

[0 0 4 5] 

j^^^-y^— FT& c DNAH S§th c DNA7^7"7'J^f>© 
PACE PCRf£jcOP0££tU 01 DKasTTV- ya7;Vf5V*3-K 



(26) Kfg 2002-534957 

« (IB«^§ (SEQ ID NO) : 3 2) 0 L2rb&^ C©M>£/HfflLfcJ?£ 
j»r;l/f5ya, 03Ati«7;I/f5ytiS!-T'feo/c (iE^JW (SEQ 
ID NO) : 3) o 

[0 0 4 6] 

£££<fc!5#£L fcfe 2 {m±©7 5/&T?&So 7;l/f5>©4# 

arew&u ^^i/xf-fyin?nst5 m^^wm^ (seq id n 

0): 19 (th) X&@B»^ (SEQ ID NO) : 3 3 C^^X) ) 0 KJBttWIttt 

llfitB, KJ^WjtaK^ / >^<^t5Xtt6C075/«^D, «7 

1 0. £5K1$?3:L<«1 2©r5/H*P36D, 2 «fc DfiF* t < B 1 5<DT 
= / &<Og£ T- £ D , ft t> iff* L < ttg 2 ^ 2 0 JXh © 7 5 J § „ 
[0 0 4 7] 

M^UfcU WGFRa3/REOTGFRa l/RET^j;?^ 
L < Mtf £ 7 V £ rf -X h T?& S Ht^S L < *%^©IE 



(27) t#3?2 0 0 2--5 3 4 9 5 7 

[0 0 4 8] 

/vyn^tt, tgf - /5^-^7 7^U-©fl&OE9 : f?^*nt?a&St>oi:HSrr 

[0 0 4 9] 

jRfSClfcOTtSo -a^'J^ ^H!7^X NGF^v BDNF^ 
NT - 3^ NT - 4/5©J;5^NGF775'J^y;H TGF - 
-,S-77^0-<7)*>V^ I&^rtMfiH^ CNTF/LIF775'J- 

LTf# & ntc^T a L < tt'vf p v/l/f- v-fctSfc: 0 , £^ & < W 

CTO^#^«tfc(Barres#, Development 118:283-295, 1993) Q 
[0 0 5 0] 



(28) ¥M 2 0 0 2 - 5 3 4 9 5 7 

tt^r-ymiowi*. hc iMtf«H©pH«w^iS^s ssicr-th 
fc#^<v--k:o^TfcJ\ TGF - jS775'J-B^©±f^fc|nIi:<. *Jtt 

[0 0 5 1] 

ScItkl^tU ■fttH^^S^ t^t^CHeyiitach^^a'Schooter, J BiolChem 2 
70:12297-12304, 1995) 0 ^V-M?^^^J <DJ5&&, 7)\rf^.y 

[0 0 5 2] 
[0 0 5 3] 



(29) W*2 0 0 2-5 3 4 9 5 7 

jij^A/ev^&o ~f\s - mm^xxsyti - mn<DW5v®j$,i£ftrc$yAzmz 

[0 0 5 4] 

t F&tfv*X7V - 7p - 7/Vf5y*'j Kt4, 3 9©7 5yi(Di/ 

#*£ft5 (ZHZtl, 02 B ; 1E»^§ (SEQ ID NO) : 4 8 4 9, *-jT/fft 
. IH»^ (SEQ ID NO) : 2 6 £ 2 9©757lt 1 -3 9) „ ^ft<DD-£TOJ 

m?n«ilfc^^^§o SiMSH7-0-fV§y?fe§t:h7-<7 
P 7^7 h J&SIS? - 2 # A U G ©fl&K C G U F y fcTH9W>gij0BBS&* 

"T^PIO* 7V - 7p - 7;Vt"5>'^U^7 0 ^F^N - ^SgP^^y^WTS- 
JK±©^VM^W-rSCttRrtlT?feS (ArnaudfH Molecular and Cellular B 
iology 19: 505 - 514, 1999) 0 i^T, -f VM&^^Vl'lE^J t LTOSl^ 

>K?iJ (H 1 4 <Q? ^ F2 8 4£$5CTG F y©X^- 

h&<D%>&*?*-><Dm. m^i^tls** F3 2 9Il£5CTG» F> 

[0 0 5 5] 

£ 6 , # - 7;vr 5 > 7 U - 7p - M «7;Vx 5yt fc^Tf s # U 
^7f- F£, Mtffc3b^S*U^7*f-F*3- K-TS^U Fa*fe, 
*^OlEartr^#*nSa ^O^U^7^F«^7;V-r5>7lx- 7p -fB 



(30) #^2 0 0 2-5 3 4 9 5 

o - swwrso fetch, *ffix*M&istc?i' - 7°n - mmt Lrmmtzm 

[0 0 5 6] 

7;VtS^^U-7°p -flS**V/p- F^-f^«#, ^tD7°a - Kpt-Y>t4 
rar;Vx = y ^ n - «7 5 7 M«M© ixxR^>t vy-xg&ffi-^sSB l 

02 BK^THOtDRXXRny-feyy-XE^lJ (thTfiRARR, RGGRt 
RAARt\ WettRLTR, RGARtRAAR) ©5 %<D— <D'&T\ t 
h&tfv7X7°a - 7;Vf5> C^tl^fU SBfll#*§- (SEQ ID NO) : 4 0 4 1 

CO 0 5 7] 

t:h7°P - 7/l/f5y©N - 3«$K ^-©R X X RlS?iJ^©HSt £ 0 , 
0 3Cfc^T$Ml>-WK (&mm^ (SEQ ID NO) : 5) «ffiTSo HHI 
^z:^WmH©RXXRIB»oH»J;0, ^tvftu HJ3B (|B» 
^ (SEQ ID NO) : 4) t HI 3 A (@H?U#^ (SEQ ID NO) : 3) fc^f h# 

MM (SEQ ID NO) : 3 4. 3 S&tf 3 6T?&&o «t~5»¥-W7y^--f t 

fc, ^n^tu h7;V^5yra^j» (seq id no) : 3A> 

ffI^»7X7;Vf5yttE^ (SEQ ID NO) : 3 4fr 

p,fj:5o iots h-fu -mm(Dt°v^y a ^m, 02 B (E»^- ( 

SEQ ID NO) : 5 0) 075 7IH 0 - 1 0 7^#&, ^-t$?«^7X7 a n - 
WJ^fm0 2B (E?Ji^ (SEQ ID NO) ■ 5 1) tf)7^7f?4 0 ~ 1 



2 B (|E3W§ (SEQ ID NO) : 5 2) (07 ^/B 1 - 1 0 7£^&. MJS«£? 
147-^X^1/ - 7°p - M©^U-v/^F&0 2 B (E»# (SEQ ID NO) : 
5 3) - 1 1 1^#C? 0 «IS7;Vf5^?tiTGF - j377 

[0 0 5 8] 

n h^tfv^x^ra^^b - ? * u^-f- k»> 0 1 b (.wm^ 

(SEQ ID NO) : 5 4) ©5?^b*^K 1-117^S1C (ISW^ (SEQ ID 
NO): 5 5) 0?^U*f-Kl-l 17t^ ^tvetv^ tFStf^x7 
n - 7 ? Utf- KHU 0 l B (IHM#¥ (SEQ ID NO) : 5 6) ayy. 9 v 

K 1 18-32 1fc, HI 1 C (IS»^ (SEQ ID NO) : 5 7) <D? £ 
HI 18~3 3 3 t^ ^-n^n^fts t hS(f7^X7P - 7°n -»I'J 
7 £ Utf - Kt4, 0 1 B (M&mn (SEQ ID NO) : 5 8) <D? 9 F 1 - 3 
2 1 fc, 01C (iS^JS^ (SEQ ID NO) : 5 9) ©5? 5 V*^ K 1 - 3 3 3 

Co 0 5 9) 

[00 60] 

a^HfcO^rt/fc^K tttfcfcfc^T. t&m 5 0 %<D7)\rr 



(32) tt&2 0 0 2-5 3 4 9 5 7 

& < £ fe^J 8 0 t;l/%7!;M 9 0 HfcS?* t < tt^ft <tfel59 5^V 
%&±<DT)\rr 5 y^£? 0 

[0 0 6 1] 

Kf & D N AE?lJ£8BEf 3 C fc £<J:oT#fcB2« £ 
[0 0 6 2] 

£5„ TOa&tfSkx ifc¥UB©^^#-pCB6(Brewer, Meth Cell Biol 43:2 
33-245, 1994) ^ *JM pETf^^-fc^tffcStf, pET-30a(Stud 
ierffi. Methods Enzymol 185:60-89, 1990 #FSc £ D «MJi) J±<k<JStl5 

[0 0 6 3] 

m&«ommimt. mmy^^y^mmm^mutLxm^^o m% 
mmzmmat^ &T©fc©£PS£sn&v^ m-cosm ^nn^ 

AX#-0P* (CHO) t:hWll2 9 3«, bh«A4 3 1» t 

h 3 n 2 0 5 SHflS, C V - 1 SflR ^ y, jEH 2 

<7XL?M§, BHK, HL - 60, U937, HaKti?+;V*7 h (Jurkat) 
88!BS#&&o ii^f^^Wi;LT©«^iircTWM1*ta, Saccharomyce 
s cerevisiae^ Schizosaccharomyces pombe^ Kluyveromyceslftt, Cadida- 5 ^, H 

ttckZfcL Escherichia coli. Bacillus subtilis. Salmonella typhmurium^Jt 

7°^ Ftt»ii< tt^^ry r4»T?j£di*nsis?). ^tj^«^stt%* 0, j-< 



[0 0 6 4] 

79,88 cm*&m?%tM , m%.t£. itmmxir^mmmi^hTjvf- 

[0 0 6 5] 

fgsir ;Vx 5 v * u ^ 7?- h it , ffrtimw * y^m ^n7b^77^o± 

J; 3 &7;U-r 5 U ^7^ F fcWfeHg^-r 5 W^f Uffl LTc77 J -tV 5 D 

tt7n tf;l/x— r-;l/CDi: 7 &IIWLfeWtIIffffl ?U7h^7-f^ 
[0 0 6 6] 

(MB P) , - S - h7>X7x7-tf (G S T) 

Xttf*l/^'» (TRX) ©TS/K^JKHteLfcKK, tXf^ta 

Slxk>-7^^ (tagged) U ftfcfrfrSxlf h-^^lg 

^t^^mm ijffl t fc-f A/ 7 7 -Y x-tV 7 D7 h a 77 7 -r «fc D WS£ ft5 



[0 0 6 7] 
[0 0 6 8] 

[0 0 6 9] 

^< cdr x x RWSti^D - 7;Vx5>«M&c#£«£>T\ «7;Vx 

77 5 hVl/U-U > (dorsal in) O^^^^SttKi^ 

fcRJ&ftV (Basterflk Cell 73: 687 - 702, 1993) 0 iltfttjcD, 

/^j]/iy7sT^yK9tnt^m^^(Dm¥\^^t^7^"r^y^y^^ 

[0 0 7 0] 

0 «T^mf-§*°U7^b^K^^ DNARtf/X&RNA. Lfc^oT 



, d n a mm**? s ymm t m&$ tire 7 ? t/jw&z m-<o rna %^%s a 5 
^ f@e?«, ^n^en* iiBtai cKaatt^nrct. frit^xtv - ~? 

7X7°n - 7;V75> (?tl?n, IB^JS^t CSEQ ID NO) : 4 0 £ 4 1 ) 

K«iffaiw;5J^u*^Kt4, ^n^tu m\w% (seq id no) : 2 4t4 

2 *?7X7°U - -fuWfu - 7;Vr5>*3-K-r5*f3iS^U 7 

^u^m, ^n^n, @e»^ (seq id no) : 2 7 1 4 3 t^#c? Q *»w 
Co 0 7 1] 

s&t, ^tvm, imvmm^ (seq id no) : 3nm 5 tim 

(Dmm^ (SEQ ID NO) : 3 4 7b£3 6 F Rt^yT^'J-v/ 

IH«^ (SEQ ID NO) : 67!iS8?3a5BSnSfc h^W^Ffc, EJiJ«€ ( 
SEQ ID NO) : 3 7 7^3 9 T*§3M£n&'T7X7 £ FEfllfctffcSo #S 

WK^U7?l^^FTOW§ (SEQ ID NO) : @3?iJW ( 

SEQ ID NO) : 6 %<StS 0 
[0 0 7 2] 

ii? * ut* nmi^mvmmt ^r;vr-^ y7 5 / sia^n- ft a 

M2.t& W#§ (SEQ ID NO) : 4 4ttffiS5 8 2 © A «t 0 fet? G^Wf 

h C DNA^a->'tcTMJil^nfc7;Ux5yn— TVy^TOJ^b 
to frfrSS^l^U^Flffiajfcli, ^OEMOllii)^^ 



(36) #82 0 0 2-5 3 4 9 5 7 

[0 0 7 3] 
[0 0 7 4] 

fflWfeS?^ U*^ KffiWfc^trtfU 5? * F) fcOlH<D^-r^'J v F 

M"^ FT*& 0 s iff $ t < < i: fe 1 7 fr£'>&< £ fe 2 0 £ U*?- F 
<DB:-$V%>%o fl&OjffBfcgSfcfct* '>5:<i:fe2 2jb^ / M<i:t2 50?i' 

OS^T^Os fWAtf, m \ 5 05t^U*^-K^^*Sl OOO^^P^^FST? 
gKTOl 0 0 0©2#P*^KX«ftl O.OOOJSUnB^l'^KS'T? 

lzfel£>£>ti%> (Mx.i£, Sambrook, Fritschi:Maniatis. , Molecular Cloning", a 
Laboratory manual, 2d Ed. Vols. 1 -3, Cold Spring Harbor Laboratory Pr 
ess, Plainview N. Y. 11803, 1989£«Sat5 t £V\> 0 
[0 0 7 5] 



[0 0 7 6] 

it 7 ;Vr 5 >%&m? % m *) , «it» 5> £ 
DfT^n^o Ig-WjaiWSfca. 7;Vx5y£3-FT£MK^ML 

[0 0 7 7] 

-a-M'J ycD@a^jii7;Vx5yci«3£M«^»tUT, GDNFI 
tMrtHz?^ X 7;1/t^ y{i-^-nyjHaBaMtf^-i~ny||HJiS<D^#S 
rfISW2t^;:t^I?n§ 0 frjfibfcfcdtc. gdnf, 

tLTffifflStlS. ScullyfcOtteru Cell Biol. Int 19: 459 - 469, 1005; Heft 
i, Neurotrophic Factor Therapy 25: 1418 - 1435, 1994^#Mf § t £l\> 0 

#~ yfiltcRiiY#I*iH?©ffJfl©^J LTs 7°o h ^7?)#g 

^n^£D«ii^^-^§ (Aloe, J Neuroimmunol 18: 1 - 12, 1988) 0 iO^T, 
7X h SfflBStt t r k M2 7°$ *mt NGFtf7X h D . 

£*?{©t@^-<?&§£-5^ NGFlcjS^-rS (Horigomeffi, J. Biol Chem 269 
: 2695 - 2707, 1994) 0 TGF - /3 X— » Wigfc 

[0 0 7 8] 

S - a - n > IfflifiK^ilffitt WflS-T - a -a y fflBK 
KLT, 7;V75>«, Sifc^-ayts ftJIjgi^KHftslSfi* (placodally 



-derived) SJRWg^fftr, ^ST?t8SSUfc«T©S^#«fiPA^O-a-D 

w^yftlittff'il-a-nyo^Sfil-So *-<Dfl&£, #M<Z>?§Bl!#£fci 
, m Wit, R »tia«Rt>*#M^-#tf, P(o^A»ROWl 

[0 0 7 9] 

^y£$&£#fc'>&< t&-<Dm®ih**4y&®,<DA> - «H^fe#iit- 

S (0!I*.if, IlaMfi, Proc Nat' ' 1 Acad Sci 92: 607 - 611, 1995«#fi8t« 

y - j&SEFf en, fla^x^ WV©«^M?gft F 

* -Y y» ^n^wofln^ l < tiiKTfc <fc o n ? § t 

aScDa^(Drgtt^±©ffi»^^»1-^ (Barresfi, MJf) 0 
[0 0 8 0] 

G F - j3 7 5 'J -tDfigSS?a«»^MiiLTfe D , 

CTSTffcSaingsley, Genes & Dev 8:133-146, 1994, #%£LTSffl$n& 



(39) #3t 2002-534957 

&7;Vx5 F<o^;i/^^r^*»M©-^^l^^n3 7;v 

SB, mi 0H§9 0^ SiMc^2 0^8 0i, IS& 

^<toT^#-^-;V^'jytoTGF - jS7-;^-7 7^ U-^y^-ows 

S5#fcJ\ rat«^5-^9 510, ctDffJl^tt^l 0~&9 0«. ItlliC 

F - ^TO&O^K^n&^s b7>X7t-5 

>^SS?/3 1 (TGF /3 1) , h7>Z7*- Sy^lllf )3 2(TGF /3 
2) , h^yX7*-^y^SH?jS3(TGF^3) , -f > t if y j5 A (INH 
|3A) , ^ytVfVjSBClNHjSB) , IgSPttiUS? (NODAL) , 
^®2 43j:a ; 4(BMP2 tBMP4) , v'a 7^3 7^;n • TiJ^y 5*7V5>y >? (D 
rosophila decapentaplegic) »e?(dpp) , #4)#t&58£*:"<*!B5 - 8 (BM 
P5, BMP6, BMP 7 StfBMP 8 ) „ i^a 7:7h 7^x 6 0 AimfK?7 7 ^ V — ( 6 
OA) N #m^«^>-^7 3(BMP3) , Vgl J&ft^ftS? 1 3 (GDF 

1 £ GDF 3 ) s FW'J> Cdrsln). -f^t^o (INH a) , MIS jgfc?. it 
fiSI^9CGDF-9). 7«»1S»ftH : HGDNFX -a-;^'Jy (NTN 

&&M&itmM<o®t.wi'*y -f y^xmm^HM<D 1 ojw±<offi©7 7 5 

[0 0 8 1] 

#7;V75>^-SH?^PCR^ffll^TiffIU S'&LTx P C R KJS/B <D#S! 



(40) #g 2002-534957 

;l/x^yiB?iJi:MI«t§ 5' »»©a&S7* , 7^F^7>fT-i:, U/<i-77 0 7 
^ ^-^ffil>T, m-%<Dm^ D 6 3 ' £W£ TO T G F — 0 

rs^t5 0 ±m&fo<o7V3-vttmm£LT, pcrrm^t^x^ 

^S0 : f-O7;Vx5>O7*7--K7^^T-Ra*'J^»-X7^'i'v-^fflv^T 
[0 0 8 2] 

^^7^U^7^ ^^7^ 1 J^7°f- htlll §fft©ffiE<Dj£RB?<Dll 
-W7Z-<Dt&m\£ LTflWS^tfetf&tK *fc±a©Mz7**-W 

[0 0 8 3] 

t* & fob tcW^SOT ;Vr 5 y* u F^r#»«x»m^i« ¥ £ 

[0 0 8 4] 



(41) #12 0 0 2-5 3 4 9 

«eStO*^ft3^<0^ffiiJil6^llffllfi^BB«LTV^o soffit, ^£M»D 

[0 0 8 5] 

-j.— y/^M7-fy775'J-iDfl^>^-!)s BI-^-pMcStt 

[0 0 8 6] 



N A V;^^ffiT?-&« £ t imm^Kltmur^ (Deckwert 

hiljohnson, J. Cell Biol. 123: 1207 - 1222, 1993) 0 m^tf-hlt 

[0 0 8 7] 
[0 0 8 8) 

£ £> tc> h%Xf/Xltft<t<Dm&&, GFRa3#'J F « 

j5Sbfc7;V7 = H^^-TS £ fcc J: 0, X»liT*»r&7;V 

f - 5 y# U ^7°^ FX^7;V7 = > # u * * i^f- K^S^S^fyffl LT, 7 
5 ? * K J: G F R a 3 U 5* * 21 «t 0 

s M?nSc luIBLfei^t^ 77XGFRa3Mf, GFRolStfGF 



R a 2 tmmT*%>%>Wmmtf a g (EST) ^LTlsJ^^nfe (Balohfltk 199 
8, Mfl: Jingflk 1997,11111; Naveilhanftfk Proc Natl Acad Sci USA 95, 1295 
- 300, 1998! Widenfalkffi, Eur. J. Neurosci. 10, 1508 - 1517, 1998; Worby 
fit J. Biol. Chetn. 273, 3502 - 3508. 1998) 0 tfGFRa3tt, BLAST 
^-f-7;VdTUXAti; ^Expressed Sequence Tags (db EST database) © 7 s — 
^^-^^ft§iF4ttt, tFGFRa27 = 7WJWL« 
Lfc (AltschulfliU J. Hoi. Biol. 215: 403- 410; LT#$HcMffi£n 
5, 1 9 9 8^1 2il2 2BMt»WIL/t, TG F R a 

3, GDNF^^7 0 ^7T5';-©iT»^y^-j ^iBSMsmm^M) 

0 HJEStlfc E S TK?U€>ftHC, »03^ (AA049894, AA050083 
. A A 0 4 1 9 3 5, AA 2 3 8 7 4 8) iiGFRa lXtiGFRa 2 fcR— t 
tt^tftfro^ TOOE^Ji:W«WIWI«WbTV^fe 0 ±I2ESTtM 
j&f 5?o-;/l4, 7'>yhy^<—>f^ E S T7°nv ? x^ h/^A-^U 
IH»£L/co ^©rt©-Ote\ *JR05SW#s^G F R o 3 fcS^tfe^fiO^ 
7Xc DNAfcftJ&Lfco DN Afr&OE^JflftBttK h^VLMcD 

yWWmVt, I12^t 0 thM7WGFRa3^Kn?c7 = 7 
StK»^ ftl^N - *^^^7-;Vffi^J (112©, h G F R a 3 ©7 5 / & 1 
fr£3 1t, mGFRa3©7 = /tlA^28) (Nielsen fBu Protein Eng. 
10: 106, 1997) j£&G F R a 3 ^U^7°^ F (012©, hGFRa3©75 
7i3 2A^3 7 2i:mGFRa3©7^/t2 9A^3 6 9) , H»>v^ 
J|fc:§^El"5©fcra«K aieinffi, Nature 387: 717 - 721, 1997; Jingflk Cel 

1 85: 1113 - 1124, 1996; Treamorflik Nature 382: 80 - 83, 1996; Balohftik Ne 
uron 18: 793 - 802, 1997) s G F R a 1 Rtf G F R a 2HO©fft£N - 

U n 5/ 5/ a >m<L t , GPIi/ ^t^yf K -Set § C - «©glK© 
ttttX hU^yf- (g[l 2©, hGFRa3©75/l3 7 3fr£>4 0 0£, m 
G F R a 3 £7 5 J W 3 7 0 fr5 3 9 7 (UndenfriendflL Annu. Rev. Biochem. 
64: 563 - 591, 1995) £*rf 3*93 8. 8 k D a * d tfflB 
frK&ofco GFRa 3fuIEf* (I2»^(SEQ ID NO) : 6 5 ) FT S t 



(44) #$2002-534957 

b 7 V Uti" Kffi^H l 3 fomr 0 »fgf*KMK:«, N - MU^^-fMn 
(Ml WZtWFY lfrP>9 3) ©□-KftiH^iJi:, IlGFRa3 (Hi 

3 ©5« ^ F 9 4fr5 1 1 16) On- VitUMtG P I i/^tM/^ F 
(HI 3<D5*^I^^F£>1 1 1 1 2 0 3) fc-SrrS5SHOC-*4S« 

[0 0 8 9] 

«-r§i-5JC, 7;Vf5ya R E TWftTt'GFRa 3£&&U 
'J %>V/nU-t>7?m&mt$-?y bffl&aDM^n/cRE T U-fe7* 

-bWt^L^fefim r^T^V^J-^FMG FRo3jH'J 

'J FM», 0 , iBailcJ: S^WtWSiS^ISiat 
Sfci&fiDGP HS^tffcSLtVSo *K"P?Uffl*rS«t5^ GFRa3t°D^ 
^fFttGP I7y*-©tifc|IMl«^y;^I, tttffcGFRa3*r 

frfr%&&i££ dret <D%mt*mt>Ltb&®mmK*&s?z> £ £ 

[0 0 9 0] 

ibmmznzfimt, -w±©7^f 5 y f * y x t y ? ^ i/* f 
^w-^-ke^j*!^ mms<Dia&&*MVT, m^mmmmm&ntmu 



(45) ^2 00 2-5 3 4 9 5 7 

?mmt, 7^r5ymRNAMI?ilt, 7;Vx5 yMfeWfls - Xte 

t#§7^7 5 >7 >^ - * yxt y =f ? # u*?- Knurrs, 7;v-r 5 y 7 
o 7;Vx = y7y^yx-^udr5t^u^F^ ffBta, ft8~#tii oo 

fflSIS-a (Uhlniann &Peyman, Chemical Reviews 90:543-584, 1990; Schneider 
& Banner, Tetrahedron Lett 31:335,1990) gSSaJfiH&tf/Xttlt&Hfc: 

[00 9 1] 
[0 0 9 2) 

wtm&u m&(o& o r^mm^ttMpLT h ? yx7 x v yu^f^^m 

e 259; 373 - 377, 1993£»T§ t £U\> „ r;Vf5«'Jxf 1/ 



(46) $&2 0 0 2-5 3 A 9 5 7 

5mM®&nBLTfm<Dmm&K®&<D&ZteK%m& DavisflL Enzym 

e Eng. 4: 169 - 73, 1978; Burnham, Am J Hosp Pharm 51 : 210 - 218, 1994 

[0 0 9 3] 
[0 0 9 4] 

§ v h ij <y ^ x 1 7 ;Vx ^ y ^ffl#- Afts c: t t? ^ 5 o 

[0 0 9 5] 



(47) ¥s-m 0 0 2-5 3 4 9 5 7 

[0 0 9 6] 
[0 0 9 7] 

XbP-x, x^p-x, v;l/tfh- ;k Ty~h-;K tV^X iihTio^ 
7, 'Jy|A^>^^ 7;i/^>m«L ^f^i^A, asi^;Vo-x, 
#»J lfn;HfnU FX -tr;l/D-X, -ff^X ^7 7°, ^^WzA'n-X, 

[009 8] 

©«lliaSl!Ofci6<0T;Vr 5 ^ifrtt^S^VT, J; D 



8#02aftfc<fco#&5 jEBKutj-miz. mmm&m- - tmm 

[0 0 9 9] 

stfGFR«3©M^su mo n ^Ts<fc5£#K*aft«*n3o 
Co 1 0 0] 

^ffl-T5Cli:^T*#SaiuenchS3b\ Leuk & Lymph 16:1-11, 1994) 0 C<D^ 
5tjfe5felIffl»^^^fc(Verfaillie, Stem Cells 12:466-476, 1994) D tin 



(49) 8*2 00 2-5 3 4 9 5 7 

WJZ&m^n& (George, Stem Cells 12(Suppl l):249-255, 1994) G 

^m^mmmLx, wimmitMms^ tt^mmmmm^rcmm 

, Rumrael & Van Zant, J Hematotherapy 3: 213-218, 1994=&#J!8<D£ 1) <, 
CO 1 0 1 ] 

nm^wmm#mm<D^mmK^, gfr a 3©w»§§«<r 

;Vf5 y^f c fc^T't§ fc^iSo lffl»^ttX«engraftment«,3l . 

tt<Dfei6^t»n*3^03»i*fcbT1P^£$n , rV'»S(Bjorkltind, Curr Opin Neur 
obiol 2:683-689, 1992) 0 ~^.-n yMW*«£rlltk thHt^ftttth 

ittf SELfc!^|iaE*nT^S01?(Birrenfl!!., Develop 119: 597-610, 1993), 
[0 10 2] 

^< flDJfrKfcfc^T, l«tf)7/Vf> yXimM&G F R a3©U^V« 

, JTtf^iJSfcfcttS N G F $ >rt#<DU*Mi%&mffi<0 

^T?ftAQ^MBracci-Laudiero et aL, Neuroscience Lett 147:9-12, 1992) 

^UfcOfBlKttlSIBBB^^fcSCBracci-Laudiero et at., NeuroReport 4:563-5 
65, 1993) o 



[0 10 3] 

£ft, K#ffi«MS©^lioMriy7^h^yh^©7;V-r5y© 

[0 l 0 4] 

§ fc 46 © 7 ;V-r 5 > l^;l/Qi£Jltf "a" S ft § o 
[0 10 5] 

S#rt©7;U7 5>€)#ffi^l±S1-Sfc46, Iffrp»tyy;VWt5o t*- 
£ Q 7;V7 5y^tHffl-9-y^;W*7;b7^>^fgW§c ^Wt$§lflo 
tijfoifc 7°^ $ fc Mrf y 77k X&^ffilSHt > 7°;Vt?& § c i: tfW. 
W»p)«^ft^-9-y7°;^SSo 

[0 10 6] 

M^-fe;V^-fytl^^5^PSTS^i:^SLV\ (intact) 7 



(51) #^2002-53 4 957 

[0 10 7] 

DNA^W-rsrci6^^fe^DNA«»5o ^©SAHi:^, 7;Vt^>« 
ft?129JfclIBIL;fci»E : P7 0 P-7* D N A ©gMs £ & fc, < 

k h 7;Vr 5 >3t^©-aJ*^*r DNA ^ffif vf 7 U 2V 

X£ tlfc DNA 7°n-7"WEf-^o 
CO 1 0 8] 

««fflsn3m r7°p-7"j fca, 7p-7iH?WiwaMut&^TK 

li\ «l^8 - 1 2{@0PSLfc7^U^f-FMU CO^Utf^KtigftJ 

Z Pis*?- fcfcU #92 0ffljb^6 2 5ffl07^U*f-K04?»J?^ 
l^f 1 F7°D-7t, ^ 1 0 0 «±CD7 £ F£T*©4?D 7 * Ufr^ F7° 

[0 10 9] 



(52) #S2 0 0 2-5 3 4 9 

S 0 7°n-7QSft«, PCR. 9>#I±f7<<S.y?. -MWMiK ~>y^ 

mm% z (o&ffi-m ^tm^m^ «t r t Mr § c t # r* * § 0 * 

situ (^>->fa) M^'J^V^aX WPCRMa§-«© 
[0 110] 

;U7V$Wli~iS3>li, mn. 2 5~4 5°C, »(i3 2~4 0U Jft 
fe»i3 7~3 8tT-^fr ?n^ 0 /vf7l> £V-t£— >a yMS&ftngfct 

*«)o. 2 5-^96 bis^ «t v&miam i ~m 1 2 urn striata 

[0 111] 

7;Vf5yKsfa, pcrs^ xti, gv«»©£-^y F12^J£ 

5! # U^-f - KT^^-^ffl LTHfrStiS^ s^3EP«^-y =f 5* * F7° 

<y hiH?U^±i^-r§W@g^Ji:^Wyu >y mftZimZo *KfcTffifli*ns 
MS r^UD3?^b^^F7^-rv-j ^8-^3 0ffi©»CQM^ 

Ittt 5 D N AXa R N AOjg^IStt. ±« <fctfT»"^v-fci\ 

, ^3 0©^^^^FXa^ni^±Tfe§ci:W^L^ o ^©y^-Tv-tt 
iJ»Wt/W7y >y FM^LT5t^P^FlH?U^»r^o fi^tt, - 



(53) WM2 0 0 2-5 3 4 9 5 7 

StlSo -Mr, WWE'1STH±M#^I8 0°C~ 1 0 5 °C« 1 1 0 

[0 112] 

7^-r d n A^tc^swtfflffiWT'fes <t 9 jcSK^nSo 

[0 113] 
[0 114] 

atSllO^y^S®, Xttt>^©m R N A *^iffi?n/c c D N A 
[0 115] 

y-yy^mwt %> o -9- y 7°/WiM£ feiilW y 771^ 5 1, n& o 

^Sl^tl/cm R N A ttWWftifcftXttflfiOlM X#»£*Ht 
[0 116] 



[0 117] 

SambrookffiWS^tiTl^ (±12, Sambrookftl 1989) „ 

[0 118] 

7^f5 > ^ y/^^ 3- Ft §m R N A W^^itBIM^t§ 

So rt/pc Rmi^mmm^mmvh^o 

[0 119] 

C R (G-LCR) ^L< «iHWia?iM8 (3SR) W 

©SS^&^S&Htf&So 7;Vr5ymRNA^#W>7 
7°LCR (AG - LCR) DffiW«ffi£tlf#£ 0 0H*fcfs Leckieffi, T 
Infaction Disease Testing by Ligase Chain React ionj in Molecular Biolog 
y and Biotechnology, R. A. MyersM, pp. 463 - 466, VCHSSffBr, 1995^# 

[0 12 0] 



(55) ft$ 2002-534957 

, %mmwm, &>mm&. twy?-- u#vk7^-i\ fummvm 

W:, 13M33&XMW7y J £'C&£fl t && (fflfcLT, Basic and Clinical Immun 
ology, Sites and Terr, eds., Appleton & Lange, Norwalk, Conn, pp 217-262 

[0 12 1] 

- (fluorescers) (^$J) , ^r5;V5^-fe>y^- (chemiluminescers) (ft¥ 

LISA)©, wmmfcfc*z*mvTim\ti<ftz>o 

[0 12 2] 

Kfilt fc^Tffi&S) K: iotfe, 7^f5v?^^ RXfZ O 

tfiMnc^T'tSo rxt£h-7°J ^U^7^F©K)1&£H~?© 
dfeSSo fflfg rxt 0 h-7°J KHZ, 7^fSy#lB»xh>-yXfiT 

^7°/^«xtf h-7°^t#c?o i»xtfb-7°«, h-ym^<D®m 

[0 12 3] 



(56) W 8 2 0 0 2 - 5 3 4 9 5 7 

mm) o 

CO 1 2 4] 
CO 1 2 5] 

CO 1 2 6] 

7)Vr 5 > ^ 5 £ fc a ^ if F - 7°<D1J1SW& £ OT© <D ic M'xL 

rifeld, J Am Chem Soc 85:2149, 1963) % Sfc«ffl3igK«^7°^ F^jfi 
SH^ffl^/cFMOCSSHTfT^Cfc^-etSCDuPont Company, Wilmington, 
DE) (Caprino and Han, J Org Chem 37:3404, 1972 ) 0 
CO 1 2 7] 

it, ww. e l i sAjftii/wtr^^wT, mm^uwztifcskm 

m<DMmz&£T)]'T^y(Dftm*7ny#t%i^l£&3< feOTfcSo Bit 

T#So ^7 ^;VK#©WSttMIlsteinfcKQhler©^SK: LfctfoTfj 5 

§£li:iaoTM^7X»Wi^tS»S§o (Milstein and Koh 
ler Nature 256:495-497, 1975; Gulfre and Milstein, Methods in Enzymology 



: Immunochemical Techniques 73-1-46, Langone and Banatis eds., Academic 
Press, 1981) Q £ 5 LT&tf&tlfr'^-fV K-TfflBSO^n-yfb 

mi % <D^mat, E L I S A „ R I A , ?U*TvH^%:ET£j&Zn 
Tcmk*Tv^t%mnnmk 1 $7.~>^-Y (supernates) *fcfcS 0 
[0 12 8] 

[0 12 9] 

■?^5o 09*l& fcfctfc h^/^o— t;l/»^^7"U F-v£» 

^3S¥WfciStt©*Sfe<D, Jntfrtf'-r-rbf-y* (idiotypic)^*, ^€>S$rjt& 

t>#5*U TOfe©fciS?tLftl/^ MtbTIgG , IgA N IgM , IgD , Ig 

e M$t>, n&©#a\ igY ^«tr?*ift©fi&ifto^^"7x^e»fe^e»ns 0 

[0 13 0] 
[0 13 1] 

M i 

[0 13 2] 



= yti, ^fiv7X7°L- - 7°n - -a^D >7 5 X0WiJ (19 5 
»757$E£f!jfflLT%JI£fU A^fX/l/-77b^7A^>X (h t g 

s) f^x^-x^x^y^fco ^o-r-s^-xtif 7#;i/W*7*—# 

£=PJffiLT, BLAST 2. 0 5 7nX"^ h<D t b 1 a s t nW®L%fflm tt 
^-^Lfc (Altschulffi, Nucleic Acids Res. 25: 3389 - 3402, 1997) 0 
+)--^4cJ;D~^©t: h;^f'J7AlM (B AC) Xn-y, AC00 5 
038 (NH0486I2 2) SitfACO 0 5 0 5 1 (RG 0 3 7 F03) « 

ftSo M^IU/\ «tl h ~ U ylBM^^Jffl LT BLAST 

jg-r ^ n \z=l-o(d b a c ^n-^Mtf^nr-o ±f5©-oco b a c x 

P-ylB^f'JJlLT, ~"D(OE S T (Expressed Sequence Tags) f7t 
;l/hM7^-«5PJfflbfcBLAST2. 0 S^D^iOb last n#1»£ 
ffl^T, E S Tf-^^Xl:M?nfto ±ffBE S T^. i^^>/-v4i 
*©AA 9 3 1 6 3 7 (o o 3 5 c 1 2) £\ MiTjf^Vv' 7-V[fe£0 A A 5 
33512 (n j 9 6 b 1 1) T*&ofc 0 ±S275-f ^ y 
^htgsPJ» &^£<, GDNF-»^/WJV-^7^V 
77 5 U-©«i^ y^-SSbt C Lft, feofcfe, ^Kt, h 
g t sWMi, &Kf&L-t£tirm&<<DWU?-. fflfl&tf* 
IBf&^S^U B A C ^ 0->0-50^D-y?$5 A C 0 0 5 0 3 8tt 
% 19 70?^WH H6 7, 4 6 4fr£6 7. 6 6 0) XhU 

6 7 M-T'&Si^JBBL (0 1 BM „ «OXo-yi?£§ A C 0 0 5 
0 5 1 fcj\ 7;Vx^VM (HI B£#J!8) 1 8 3<E>5* 

F (?^Vtf f'l 1 3, 3 7 9*^1 13, 5 6 1) <0XM/vf* 

[0 13 3] 

-jfifc, h g t s -r-^-XOK^JH:^ ©IJ»M£#A,T^£ £ fcaft 
MSIS7^S€Wlfrfr£A^T3fc&^ h t g s xy HJ cDiB» 



08n tmfr&m-t&xsKmztu z>wmmmm%i\h-z, yu 

-7"F77^-M4 2 0 6 [5' - TGGCCGCTCTGCTGAGCA 
- 3' (IBW#(SEQ ID NO) 2 0) ] 'J/^X^7-f?-M4 2 0 5 [5 
' -CGATCATCTAGACCACCGGTAAGGGTCCAGTCTG 
GAA-3' ( |H?IJ#^(SEQ ID NO) 2 1 ) ] tmW?% P C RMJST^t> 
^ftLTfllUc, PCRSJStt, 9 5°C5M©«©», 
9 5° Ti 5 #, 6 0 °CT 3 0 6 8 °CT? 8 0 30^^ ;1/£>^#T% $s 
inSJ ( 1 . 5 M^$4 y/ 1 . 5 %DM S O : S«S) <D&£Klentaq«?i 

iU W^SlDNAt:^^! (Klenowlffit) fflib (blunt) , 
E c o RVJBffcB S KS^XSK^D-XfcS-e-fco £C/c^n-y€>5^ 
W"f FIE»t#fc 0 
[0 13 4] 

□ FyAlSt5„ iltltt7*-7-K/7'f^M4 2 0 7 [5' - TACA 
AGGACGATGACGATAAGGGGGCGCGGGGCTGCGGCC 
TGCGCTCGCAGCTG-3' (I2»^(SEQ ID NO) 2 2) ] U ^ 
-xyW-M4 2 0 5 [5' -CGATCATCTAGACCACCGGT 
AAGGGTCCAGTCTGGAA-3' ( IE»^(SEQ ID NO) 2 3) ] t 

mmt%pcRM.mT<Df-y7°u-htLxmf%Lrc 0 pcREfsa, 9 5°c 

5^F^II©^ 9 5° T*l 5#\ 6 0*CT?3 08>„ 6 8°CT*8 0 

#0 3 OlM^/H^ftT*, (5%DMSO : fttttt£) O^^Klentaq 

gffiii^KlentaqM^TIIfi 1 LTc a igffj£ftr$ T 4 # U ? * F*^-- ff 
«S L , «£*fllB D N A # 5 "tf I CK1 enow»T it) *P¥?ft U Eco 
RVMfbB SKS^7X5 F^D-VfbS-fcfco £UTc? * 

[0 13 5] 



±fE«rtt-fr e. ©IBM thtgs r-^^-XiCxy J> y » 2: S e q m a 
n 7°P ^ A CD N A S T A R&) £fM LTffiitT £ ftfco H 1 A tcjSf fflft 

[0 13 6] 

MS1-^^^X^VADNAtDKit^^S^^:fc D 21 OVW D N A WfrfcflJ 
[0 13 7] 

cDNAASfflS (RACE) P C R ©3ffiS*iSMB^ffrSfc«>tC, t» 

&7;Vf5>cDNA©5' «£A#Lfc 0 P C R®r)t£Mf2L-fc E c o R V 
f^ft B S K S *s?m - 7 n-yft U ±#<Dti&\*ffi£Lrc 0 H h R A C E jgft 

mt, mrmfc mmxsnmfrzmmLrcMkRATHON race c d 

NA7^77'J- (CLONTECHttBD fr5>A#L-fc 0 ^XRACEltB 
©1180 (E18) £D77XMARATHON RACE 7-f7^>J 
-^e.X#Lfc 0 ^7ADNAR»"cDNA*^©^n^^n/cOCR|)t 
<95&£&-fi®iB?Uft¥#r£fTV\ hR0^7X c D N A©rj>TV 

7XB AC^n-yfiJRgBffr (pB 1 ue s c r i p t^fy^U-y{t^fc 
) (D?;i±m\t. t hB AC7n->S^S*CDia?y^^mLT, SIB ( 
th) RtfBl C (YyX) icitc DNAE^ij«Etfco 
[0 13 8] 

c DNA^y hayfiiMx^^^y^t P^vhay^M-f^t 
hM^xcDNA^^y-jipe ©k»s p c r vmmw t £ t> m l 
fe 0 H2CtM^1"««t5t, 7;Vf 5y» tir^^y hny^tt§ 0 



(61) ffS2 0 0 2-5 3 4 9 5 7 

y (Me t* ) ^t^cDNA^ &&t:b c D N A^-f7^ U -*^&©R 
ACE P C R E KX >0 M^Lfeo fc£U iTOfc* y 7>T*teffi& 

[0 13 9] 

7/l/f5V^3~Ht§B A C ^n-yt t: h7 

;Vt^ 5 yjl^amfel* 1 p 3 2 - 3 3 fcfiESU ^*D1S190 - 7;V^ 
5V-D1S211 (fn^^^fr^^b^'J-y^) £J:9flli]gj»lLT^5 

[0 14 0] 

7;V-r^ >MlK7^Wf S li h D N AE^iJfcB 1 4£^U fy^-btL 
TCD fc h y 7 A D N A mm Lfc^ < ©Jfeft L-T £ n yffcc? -tir/cP C T jgtfitl 

*n & tomi tihBAc^n - ym\ t & zmzbtcc mmvmm* bac^p 

-yAC 0 0 5 0 5 l©nt 1 1 4 7 2 t, WIBUfch g t s f^M"XA^ 
OBAC^a-yACO 0 5 0 3 8©nt 6 8 8 6 2 fcfcfflyrTSo 
[0 14 1] 

gll Sfcmt^vVTfrT^ycDNAmfrl*. J-XT077^V-taSr> 
TV— hfcLT©5v h^a7V (Schawan) IBcDNA^^'J- 
A^PCT^Wltffi^ : 7*- 7-F7°^^V-5' - CCGGTG 
AGCGCTCTCGGCCT - 3' (IH»^(SEQ ID NO) 7 6) fcU^-X 
-/5^_ 5 ' -TTCTGGATTCTCCCAGAGGAGTTC- 3' 
(E«^§(SEQ ID NO) 7 7 ) 0 PC T^frtt^TO £ 5T^fe: 9 5 e C 2# 
il. 9 5 °C 1 0 6 0 °C 3 0 g>F& 7 2 °C 3 0 &R9 7 2 °CT* 5 ^> 

[0 14 2] 

00 2 

[0 14 3] 



A) RNA©jEMt-9-y7>^«-r^fc:b-TX^»RNA7D^ h (MRB) 
(CLONTECHttS) H\ kh7/Vf5yc DNA(D7>^W-' 
2 P - tIli«M-Tyo-^tl, S^/UttFhosphorlmager C^P+a^-^ 

[0 l 4 4] 

mfa temxftttm-e&vrco \immmi®~£&. wmmmtm^u^ 

COR N Af»£D R GPWta< Wtt&fcW U M?nfc^l«#l,T 

(li6£#M) o 

[0 14 5] 

DNAOifin^PCR^fiJfflLT^?^ pBluescrip t^P-^ 
{bS-frfeo -byxM7^>x 33 P-IiibRNA7"D-^^a~yfb 

3taS£-&fc£& 1 4H (E 1 4) <D^>y bfficDT/VT^ymRN Afgil^yS/ 
^a/W^y^-lf-^ayfiPfTKSWfflLfc (Arakiflik Meuon 17: 353 - 361, 1 
998) o IM6AM!6Bt»§o 
[0 14 6] 

Ll^ISttSffiT'liiJ^nfc^ M#« (DRG) f)^i-D«? 

(He a) „ s&fc, s^M^fe. ±.mmmmm%m&m^ 

I6B) „ ±fSx~£fr^ r;I/x5>ti±flBWIIKilrJiSst>iattfi$E©BW* 



, »&WG F R a Hr7*W"^ 7;Pf^©MSSilWttS!W/Hc 

a&V^Ii^fe^*-"77yGFRa30^ntgfefflffiW-E?fe§ (Balohffi, 1 
998. fuH ; Truppflk Mol. Cell. Neursci., 11: 47 - 63, 1998; Widenfalklk 
Eur. J. Neurosci. 101 1508-1517, 1998; WorbyfiU, J. Biol. Chem. 271, 236 
19- 23622, 1998) 0 ffi«OM^>^Vl?0-by^^P-^fij;fl LT5/^ 

[0 14 7] 

E l 4T?©j^SttW^^^S7;l/x5yo^^J;0. S/a7>«i«* 

«»>a7>M^, #M»£l6B»JL 3H&XJ±7B&0*fefc# 

m<D&m^?*yhfrZMMisftr£z/3.y>mMfr^ mm* tire cdna?^ 

fl«77 f6*M^a7y««}^ Br 
ockesffi, Brain Res. 165: 105 - 118, 1979K £ OStMbfc J: ? K^SfrLfco A 

fSfrbfe (Arakiffl, Mfi ; BalohR Neuron 18: 793 - 802, 1997) 0 ^-Y7^ 
l>— #»5©c DN A^7;l/£yU^n77W s fc. F3 - ttfrrt Fo^t- tf 
(GAPDH) (DU^)lViEmitU 7*- 7- K^7^T- 5 ' - TCGCG 
ACGGTGGCTCACCGGTCTT-3' (E?iJ##(SEQ ID NO) : 6 6 
) i:'J/^X7°7-fV-5' - GCACGAGCCGCTGCAGAAGCGG 
A A - 3* (SH?W§(SEQ ID NO) : 6 7) tmMU JaTO&#T*Jg*g£-£ 
fc : 9 5 °C 2 #|fflfcffi£, 9 5 °C© 2 0 5 4 °C£> 3 0 $>fK. 7 2 °C© 3 0 

#BB©3 6*M^/V£m^T\ S»7 2tt2»^y+a^->3 y£ 
Pofc 0 jgtB^3%T^D-xy;l/k:T^iaiU Jl<to^7A?§fefiLfc 0 
[0 14 8] 

Hec^^fcfc^t. r;Vf5VttM<o*t#S (n) MWH^3.7y 



mm (ps) «^©*«s/ayy»ssK^^T,ft"^;v^ii^n 

(Scherer, Curr. Op in Neurol. 10: 386 - 397, 1997»fi) a 
[0 14 9] 

M 3 

[0 150] 

Ndel»5' MO 8 - HX^ytagfc. 3 ' ffiftfc K p n I fflSffii: 
ft^tBU &^T\ pET30a (+) ^^r'JTSSS^^^ (NovagenttfiD 

•g\ -zL-;VyUyT?KfHLftJ:5tlfliaiLfc (Creedonflk Proc. Natl. Acad. 
Sci. USA 94: 7018 - 7023, 1997) 0 
[0 15 1] 

W 4 

[0 15 2] 

s^^^tt^^-py»ffl©^#^M^^7;Vf-5yoty^fF«^^fci6 
©lie (pi) ©sD77f (^y-r^r^Nco^^^-uyx^^v' 
-^-wtts) hx, mm, ±tf^mm csco 

i-ny|, 7;Vt-^>\ gdnf, ^i-;^y'jyTO'b7'fyo#ftT 



(65) If S 2 0 0 2 - 5 3 A 9 

-£ig«£#fco il-G D N F u i5y ^yr 5. u— ^ y/ t: h^U7 5 /'^WU 

y «M3 tcp$ Lrc^T^m^-^rco 

[0 15 3] 

WTtE«Oaip«a*ft*5pJfflLTs ^»ffofc (KotzbauerfU Neuron 
12: 763 - 773, 1994: Kotzbauerffi, Nature 384: 467 - 470, 1996; Mibrandtffi 
, Neuron 20: 245 - 253, 1998) 0 lltfxd SCG-a-nytU jS?S>J 

NGFlWIffiM (AM 5 0) t5BPWU AM50K 
X»W>fNGF»7XGDNF, 
7^, 7;Vf = > (¥Stc*r5fc^lS!>s 50ng/ml) ^fCfXi^IH? 

/i/rt KTHSL, h;W^y7>-T*^feU 4#-a-Dy^tibfc 0 *S 
|51Wl®SO'ffittSli5-a-n ylgSTii:, «na-u y^N G F \mm 

fu- h £»e mmmm , bdnf fcss^v- h ic«# c 1 o o n g / 

m 1 ^»I4#M) , Xiiiitligi (7>f-N GFfAW§AM5 0 
) <0 G D N F V tfy K©-OtESy h U 3 H^£D«»^tu 

LfcGDNF'J -ttV F KW&7ls- h U &&mffi8L*4>V h UiCT 3 
[0 15 4] 

GDNFStf-a-;V^yy (ntn) fcHMc, 7;Vr5y (ART) M 

ISttgtP (DRG) = (TG) »f.©If-i-P>W-t!7 

h^»£Sb/c£H<:MU "^V-fe^y (PSP) ttSttLfcfrofc (0 7 
AM7C) o jg£-i-ny©±EO&ffl©5K;£T?tt, A 

RTt±GDNF^a^l/7'J^J;Hl^f^a-n>MU NGF 
(DRG) , 5U4<fc0^<O3RO-a*-nv^abfeo DRG^-n 



>lcm£ -TT )Vf = y£#4E^£0ffi«fc#»0rfr 6 s E C so Sl~3ng 
[0 15 5] 

tt«BDNF (LindsayflL 1985) KjSgTSRIK Q-:i-ny;frP>£ 

-;P^U>«[Wll5C©NG^a-ny^S:Sb, WttBDNF ®7D) fcffl 

h^Tc (Kotzbauerffi, 1996. MM ; Truppffi, 1995, MS) = 
[0 15 6] 

£fc, T^^Vti^S^OS CG~a-ay©£»3£JgL/c (17E) 0 

D N F 7 7 5 'J - V fiy F N G F HWC- a - o y Lftfro &„ Lfc 
tfoT, GDNFMr.a-il/7Uy^«\ lO, ^Kfglj^-y^ 

[0 15 7] 

$J 5 

[0 15 8] 

»GF R o/R E T Wzy^ya77-i'MitSi51-a-n77X h- 
ilOP^feS (Hishikifi, Cancer Res. 58: 2158 - 2165, 1998; Tansey 

£HS LT, J£« W-Sc L fc P-fe 7°£ 7°n 7 7 ^ /l^W § frSfr £^J6 fc 

[0 15 9] 

feS^aft-ptt, SH - S Y 5 Yri-p77X b— T-fe/I/^-i' Xi^CDttJlS^ 



1 2©>)i;HW/W h<D2 x 1 0 mm/m I /^x^MB^/co 
mm^<D 1 B&s (Cn)X(i50ng/m! ©7;Vf5y (AR 

T) Xtt 1 0/iM©l/^/^yf (R AK SH - S Y 5 Y $m<D%{t<Dmm 
^yfa-Wi^fc 0 S?»3Htf. StffrfcfMffiU M^XM 

t^^#i«fiM»a-oyf It j; Dll^nfe SH - SYS Y-fe;l^ 

[0 16 0] 

gfjO^T?Ii, NBL - S~*-V?7XV~'?*>)l7'(y(Otm%Wffit& 
7)\sT^ymtS%m&Lt£ 0 NBL- «ft, Xti50ng/m 

1 ©gdnf, 7^7- 5 L < &-S;Hz 7 -Y y#ftTT\ H^ijj^© 4 8 <?) 
7x;K7°U-HC5 x l 0 4 «/7x;VTSM^^fc 0 MnitDNA^ 

^30 straff o Tffie^t^fijLfcW^r, yx h =? t i/ a yim-i 

TBrdU (tiuVthVv?) lfflJfi»»T'yfe-f+'y h^fOfflLT^fflU 7 s 
-^^8Dtfll1-So GDNF£|Wim^ 7;I/f5yi±NB L0Sffl»Jg 

[0 1 6 l] 

R E Ttf 7;Vf5 y l/t7^©»^T^§ u t WtSfcfet, R E 
T£f§ijIL%^~:i-n7 , ^X h-W^yCHP 12 6, CHP134& 

r;Vx5>tCtiJ5£;^L^^ofc (f-^^SSf) o SH - SY5Yl5j;ffNB 
L - S -tr;V^-T y<DW5\± G F R a K G D R a 2 RtfG F R a 3 fclfT^j: < R 
ETMU ±fB»W7;^5>tcfc§#/gOnb-te7^©ffl^ttb 

[0 16 2] 

f y 6 

[0 16 3] 



[0 16 4] 

£»1 4^©»«*a«. i#©«^7^t^77Ll 5 + 6 mg/ 

ttt, I«tVX;^€ (i/^m lmg/m l) If (<7 

^X^^F^Wt^^/Wif lmg/ml) CD?I&»«{fcLfc 0 

DME/HamF 1 2 (1 : 1) t, 1 mg/m lOBSAt 5 /iMO^ 
^>a'jyt lOnMOWXfnyt 1 0 0 jiMOyhW^t, 3 
OnMO-fel/yt, 1 0 n g/m 1 ©7 9 b h7^7x'J lOOU/m 
1 O^ns/ij yfc, 1 0 0 U/m 1 OX h U7°h V^yfcj&^&SifiLj* 7>J- 
StfetCT, (1 2 5 n g/m 1 #U - D - »i/>t2 5 n g/m 1 y^ytV 
m^LTc) 8©^x^t>^-X7'1 , K<D2 0, 0 0 0li/7x;VTll^ 

TH+) -a-ay<0»*IWLfCo ^O^ilL/c»^e©M^S7 
[0 16 5] 

[0 16 6] 



[0 16 7] 

ffl 7 

*Mit 7/l/f5>^ IH?7£ LTOftO*-7 7 >Wr^GFRa3 
[0 16 8] 

t>*7;VT-5>^™rL"n7^Xh-v-b;V^'f>NB L - SOR E T^?g't4{t 

s^§r;vf-=y|g7:^ Re t vymitRmmLtcMA mmto 

^xX#y7oy F^frt S^ttaDilLfc (Balohik 1997, gft£ ; Cre 
edonfi, 1997, tuff) 0 
[0 1 6 9] 

5 a UN GFtWctlMU /y^-NG FKWfiTTCN 

G F 7 U -mm^W]l£&Z> CtlciDNGF «L/c 0 N G F & 2 W 
, "a-py^NGF, GDNFXttS 0 n g/m 1 ©7;W^ V^^Tf £*g 

*^\2 o^^ii^^feo mm*ftp b s m?$u cpH 7. 

40 1 OmMT r i s ^(0 1 mMcD E D T A/ 1 m 1 <D E G T A/ 0 . 2 mMQ 
Na VOs / 1 mMOPefabloc/ 1 p MCD^77^-f > A/ 1 0 /a g/m 1 ©P 
ii g/m 1 ©7^nf->/l %TritonX - 10 0/0. 5 %<0 
Nonidet P - 4 0 / 1 5 0 mMON a C 1 ) T«tfc 0 3 0 {i 1 7# 

p~7fSi=r7y^- *7*^P5/yR{# (fcjWW^Aftg) t% iW4°c 

■d s^yymmm^nmm^, 5»Ka wmsds - p 
age mm lt^hu - h u^^u~xm^m^^rc 0 5 

;V^*fPtf 3 TBS i£tF\ l^fP|25 °CT*7P y £ U 7>^ - R e t KftO 



(70) ^2002-534957 
1 : 3 0 0 4 °CV-m^ y^Pa-<- h #^T? ( 0 . 1 % T w e e n 
- 2 O^WT^TB ST*3H) ffl&U HRP (^^y^i/DMa 
CD tag^L/cTy^- ^e«y bKft©l : 10, OOOSWNy^^- 
h^^Tfco |g£3lli5fe&U SuperSignal ULTRA (£-*ttSD ^5^W>^ 
a^-h^t, 7^;VA^WLfCo MAP^t- If (MAPK) 

^ftOiS)!^^*- (lysate wars) ®"ffl$^&#Mfu«U SD 

5 - PAGEtaOMU 7>f--*X*-MAP^— t£#i{# C-i— T> 

[0 17 0] 

NBL - S|ffiflg^6^x;V7°U-h^3 x 1 0* M/7x;WCicK^^ 4 

6 9#MMjfimt ( 0 . 5 %) igftiKN 2 B# i 2 0^NGF 
, GDNFW^fSy (50ng/ml) T«£#&fCo *<D8L ftUS* 
IR«U tulH©cfc9KMt/c: 0 P I - PLCjlim NBL - smmortiy 
V h ©ffl^WIE© J; 5 temWlE^fchK 5 00mU/mlOPI - PLC 

l?lBt»BU PBS», MIB®?T« 

[0 17 1] 

|gH^H!9 A&OT9 Bt^to GDNFfclBMHK, 7;Vf5>»SCG-a 
-DyMBL-SW^y©RET<Dfn>'y- 'jy»iHL, 

;^i^WH§NBL - s^jv^^y<Dmmp i - p Lcicisfisa 
sti, r e TM^tc^yx h y-Ai/^ty y^sttfcs^&T^-r 

fcfr^fc (1U9B) o bfctf^T, ±|&r~*fr£. GDNF'JfyF775'J 
[0 17 2] 

ffilOW^l'-fe^T/Vf^ >MLTR E T^ttte^SfrS^ 



(71) $&2 0 0 2-5 3 4 9 5 7 

m&3~%>TMZ, GFRaK G F R a 2 5LI& G F R a 3 O^ftfttF c Rfc£H£flg 
Egl^l^T^^yl^^WftLfco GFRal-Fc, G F R a 2 - F c 
RXfG F R a 3 - F cil^^>^^Kt±R&D^XxAXa^e.!IAbfco £p 
TvtM' (Binding assay) «s mBVTcJy^ (SanicolaR Proc. Natl. A 
cad. Sci. USA 94: 6238 - 6243, 1997) tmMKMfLfr° MGDNF, - 

7;Vf5>, ^;V^7^yXMS^^M7;V^5> (bsa 

, tf-XaS) 2 5°CT 1 B$|tflWt\ TBS (1 0 raMO T r i s - HC 
K pH7. 5, 1 5 0 mM©N a C 1 ) 4> 3 2 5 n g /m 1 T\ Nunc - Immuno 
MaxiSorp^^P^^^-7 <> L— htWLfco 7°l^-h«^L (TBS/ 
0. 03%Tween-20T3@),M, 2 5 °CT* 1 ^K7*P y £ Lfc ( 
7D7+V» :TBS/1 %£>b S A) „ 7"a^y + >^M^"e-MbfcV 
■fe 7°^tn;ft^» U 2 5°CT*2 SJW a h U 5 H]» U 7"n >y * 
> mm¥<D H R P - ®&T Vf-thFc^ ( v>> ^V^A/'J ^-^tt 
1) iDl : 1 0, 0 0 0%i1imT\ 2 5 °C 4 y^-^~ h Lfc, S&fc 

, 7x;^5 0iifU HR P£D#ffiT^fe^»S3, 3' % 5, 5--rb5 
^f-;Wy^> ? y^5 5>»*PLT7y-b'i'Lfco IrH£»©0. 5MOH 2 SO 
4 £»£#TaS£{?ihU M4 5 0 n m^TV- h V -£lCTffi^L/c 0 
U-b7°^JrLft07°U- h^O^MS^s B S A£^Lfc7x;VT«U 

[0 17 3] 

*77t^T1t GFRa 1 - F c #G D N F 'J y©^7a fcW 

^ofco GFRa2 - Fctt-3.-;V^Uyi:|g^Lrc*\ GDNFXtt7/l/f 
= y^S^tf\ GDNF^RETifftTWGFRa 2 ^WlSl^S tl^ 

(Sanicolaffi, 1997) t-%LLtc 0 m^M^^tK, 
7^^GFRa3 - ¥ cliT)VT$yt^LTcti\ ffcOG D N F U #V F 
77 5 U-Cl^f'tlt^^W. GDNF, ra-;b 1 7 l J>X^^7^y 
LTliWU-b7^IIM Wt^ l fctfT't&l^G F Ra3tRETtf) 



(72) 2002-534957 
ffl3t-&Lrz (Balohffi, 1998, ; Worbyffi, 1998, MM) 0 #Mf7°^M 

^M«^LfcG F Ral - FctGDNF !:?)|?)»fcliT'$§ (Sa 
nicolaflk 1997) „ LfctfoT, ^ft^ft© Hz 7^ fc G D N F&tfN T NO|g 

#t«©fflffi^T\ 7;Vf^yaW^7ry^^GF R a 3 tS^T 

[0 17 4] 

MtBLfeg^-^Jb^ti, GFRa 3/RE TTOf5>OiHttWz^ 

d?lg^%iltt-rSe:i:^-e*Si:t^»<Dft4& (SanicolatiL 1997, fftl) , 
t<T© GDNF775U- W!^iffflIffffl*fSlt5 C fc fcfcHK 0 KT?#ft 

mv&&Zt%Wfflmt&fc!bK, G a 1 4 - E 1 k/G a 1 4 - L u c U# 
^^fAt»«0GFRa3U^O»7^5 K£, RET&S 

swesBH-rs^-f^p^x h^-BSWfc^fWsifca-efco ma p^—tfs 

ttMl, Ga 1 4 -;Vi/7x^-^V^-^«^?S J tt^^§G a 1 4 

- e i km^y^w<om^mmrwy^7-^mm\Mm^xm 

.PCI 2|»MAP^t-«<DNGF/T r k A^ttft (Vosslerffi, C 
ell 89: 73 - 82, 1997; Yorkfft, nature 392: 622 - 626, 1998) 
7Xh-Vt;l/7^>©MAP ^ O G D N F / R E T Sttfb (Worbyflt 1 
998, lu® ; Worbyffl, J. Biol. Chem. 271: 23619 - 23622, 1996) „ 
[0 17 5] 

7»;hGFRfliatffchGFRa2 7£t*T*fc < , tihRET (RET- 3 T 

3) ^m^mtr^MG s 7 7i-7p7^x bmmy?^ k<o^«, & 

M, BSHfcitfiBSftT^fc (Balohfflk 1997, MJI ; Creedonil, 1997, Mf© „ 
G F R a 3 HUtT^X 5 KO^T'tt. t h G F R a 3 ©^3- F Lfcffi^ 
•^WrSBfr^^, t hTlftc DNA^^-A^P C R«t, *§rlt 
^pCB60Kpn I B amH I gff'x (Brewer, Methods in Cell Biol. 43 
: 233 - 245, 1994) , PCR7°7^ .af^X^W«^^nfcgMi^M 



LXmmZv-ylfZ^rco GAL 4 - E 1 k l*^7il-/7X5FliP. X 
h <D3r7 VT*%>itc Ctls3>'\>VZ>V-'(x.y7>j&<D$>Vk (Vollum) fiff 
#Bf) o 

[0 17 6] 

GFRa 2/R E T (TnaseyflL Jgfigjg) CTMtSNL F-a-D^ 
7XH?» XSRET - 3T3WJ1 2<D7x;V7V-}~©8 5,0 0 
0«/^i;l/tTll^n, lx^-^7°-5X^ KG a 1 4 - L u ctCMV - 
GaU-Eik C^tl^tU 2 5 0 n g/7x;l/t 5 0 n g/7x;V) T\ h 
7^*7x^3 VBSffcECCMV - 1 a c Z (5 0ng/7x;V) , ~"0<D 
CMV - GFRolSi^77 5H (5 OOn g/^i/V) BBWYVXh^ 
^5/ 3 yfc£5Superfect|dai (QiagenW) £fi]fflLfc . 5/igCD 

D N A/^iiVf^i^t U T i: LTOpBluescript (6 5 0 n g/7x;V) T?3 
h7>X7i^b^Wc 0 R E T - 3 T 37-f 7'n 7*7Xf^DNA/ Superfec 

tM-^tft 3 7 °ct— mm u tmu ( o . 5 %) sgm^mm U (M 

VMM 4 8 mt<0) «MK, 50ng/mlOGDNF, 7;Vx 5 yXl&^fr 

nyjy-?6nm.8 Wfj«4^rc Q nl F^a-u77Xh-?ii^2t 

H D N A/SuperfectT^^WU ®lK©;fc#>fc:£jfo» ^-W^t, 
#^T% C^S» 4 8 B#»£» «tuO 2 4 50ng/mlOGDN 
F, 7;Vx = yX«^;V^7^>^rr5{£-l&}# (0. 5%) *gifir\M£ 

mmhXmfcZtU fmELfcJ^^Tbfe (SvarenflL EMBO J 17: 6010 - 601 

9, 1998) „ lum&yf^wn^yy wnb7>x7i^ h 

1 a c Z lx#-#<D 0 - ^|££ftLTIEM£tU 
[0 17 7] 

^<05RTOJ!J(ft©^i:-atSigi 0 At^fj; -5 (C* GDNFtiGFR 
al/RETXttGFRo2/RET £?MT£«© RET U y^fcffi 
ttfcS-fcfctf, G F R a 3/R E l*9m?%UM^\tf£mkl£ttfr-oK. (Ba 



(74) #^2 0 0 2-5 3 4 9 5 7 

lohf&> 1998; BaloMfc 1997 ; Jingftik 1997; Sanicolaffi> 1997 ; Suvantoffi, 
1997 ; WorbyftlL 1998) „ &&T-2frZ¥ffl%m?&&£5fc. 7^7-^yit 
GFRa 3/RET£^ffcS-££t£tf«SJb\ GFRa2/RETl/W 

^m^it^mt^^^ct^^t^tco mttm^tK, 7^^ 

y{& GFRa 1/RE TWt5»R E T^iSffifbS^Sd So 
fcofcfe, GDNFiDl^Olga^o 
[0 17 8] 

RET RXfM A P tfiSteffc Gfe&a-r-*) fc«fc 3 G D N F fc5t3lU&£ 

SlOB^tJ;^, GDNFK— JB»[b<jS«rU 7;I/f- 5 ^fcttLTfSS 
tt^LfcG F R a 1 tiDWf^nfcNLF»a^ 7^7*D^7X 
h^Tilij^n/t|^«|l!L/c 0 ?f>t, G F R a 2 T?ttfc< GFRa 3 fc: <fc 
§ N L F J; 0 . «^7;Vf 5 yjMfcjSgrRfllEfc ^> fc 0 £ fe 

, GFRa3iaDNFL«M»J:!). fc-SV^ GFRa 30CMV 
%m®fflmtoz& 5»G F R a 2/R E Tlt£#0«»^rF2-e/cOT 
, GDNF fcJS^-T 5fflBSO^^JHc«!L^ MttG D N F W7MP« 

[0 17 9] 

5 y&G FRa3/RET W-t7"£1g£#©&fcIftG D N F 7 7 5 U-U #V K 
T'3b%i)\ GDNFM^i-^7'J>t», GFRal/RETUW 
fe S ii i: #T? f § c 4: t>m h & fc 0 

[0 18 0] 

M 8 

#0!IM\ G D N F 'J fiy M^-tGFRoW!W7 5 U t 
*@SfFffl ©7DXF-7 «t§o 
[0 18 1] 

G D N F 'J i$y F7 7 5 U — ^ y/^—tG F R a Mz7*#7 7 5 U 

mmmmmmm^^rfvL,^ mi nmmt% a -^-uvny^ym 



(neurotrophins) £3ty£< OflfeOU ^f^ F/^^^XfA tmWiC, H 
$ V # y FBI Hz 7°£iit t ©RB® ^nxb-^«^§ 0 W7 ? v 

7/Vf5yfiG FRa3/RET U*>7$mtW%mmt% C tmSG DN 
F 7 r 5 y - U 3tT> C fc£UI35 *>>fc Lfe<, <fc t) , 

RET ©#ffi~P£\ GDNFHGFRa3t Sg^f § d S # (Truppffi 

% 1998) , *ffl5i^aiiiSi8^S1'^^T\ fgiffitffT&Ds ^©M 
Sltttt s fyt?hm?<D£< * 5 2V A £ T R E T ?£ttf k £ M & % V ^ 7f 

(Balohffi, 1998; Truppffe, 1998 ; WorbyflL 1998) , ^tm?$>&Z tftmZ 
tlfco H^K, GFRa 1/RET Is*? tZZZMftk. LTfc?) 

5/Xf-A-FiiGFRa 1 /R E Tl/-fe^I^ifflt§^©t%^f>nS 0 
GDNFRtfGFRa 1 - %.m^VX£<om<»ttffi-3.--vV&%:<0£&X:W? 
5»jfi©^£J:?3, GDNFtt-(y^©^7^fcLTGFRa2/RET 
£ jfljffl-f Scti^T'tSC i: tU ftfr !) <0 U bV Mz 7°£ fiSfFffl 
|C« G D N F 7 7 5. U-O^^WS^1tA^5 C (Cacalanoffi 
, 1998 ; Enomotoffi, 1998) 0 Skfc, y ^77 b V7X^«tfc 

gjff©tl^Ta, NT - 3t±^y«T?liTr k B^LX^y^t^M^), 

^*£tlS£*§tlflWc (Farinas Htik 1998 ; Ipfltk 1993) 0 LfctfoT. -f 
[0 18 2] 

«* 5 , L fcj&jSfir&Rtf RET S'tt^iifr & ©Jg£fr ^ GD 

NF - GFRa 2*@5#fflfcll«B^ GFRa 1 - F cXttGDNF^ GFR 



(76) #$2 0 0 2-5 3 4 9 5 

a 2 • F c ^^7°^K^07;l/x5y©jlS^««?i'J^tlTV^V^cDT% 7 
jVf = V - G F R a 1 *@5ffr8ttR E T©#£«?Ff SC ti^^ns (K 
9C ;Sanicolaffi, 1997) 0 Ctll^ H3£{fcU #y F^©M?ttl^7°£RI«S 

^fij^-rs^ry-fe-YottStSHt-Sc l^ls*^, cna, gfrc* 

3Pt^^ RETA^&bai^^fcSSEg-rS^fc, GDNF'J^F/ 
G F R ai/Xx^^OTRl^T^^iH/^, Sfc&Sl^l/OtfSttfcgiJfcEWl 
LT^5 (Balohflk 1997 ; GoldenfiL 1998 ; Truppffi, 1997 ; Yuflk 1998) 0 ± 
momim »«LfcM#M©G F R a 1 ^fl&KOG F R a 2 

ttttSSK^LT D # > F/n W^^?I^^»§Xii»§ i:iT 

[0 18 3] 

7°^X5 FOgft : WT©^7X5 Kti^^^^ h^OiSKSdt, V 
A201 10-2209, Ti-V7jtf7frVT—JV*&s 1 0 8 0 1 <D7^V ft 

7^X5 FO^Mj: < «£ti/c»SfJ (5 iiT £ft, 

Lfco BUiE7°^X5; K^T^-feXttWffffiMffiM^ 37CFR1. 14i:3 

su s c 1 2 2o^g»cj;t). m$fTmmmnsznrzmia$mt-?&z>o 

[0 18 4] 
[«23 
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[0 18 5] 
[0 18 6] 

[««»»] 

[01 A] 

FE^ij (E?iJ#^-(SEQ ID NO) : 1^5 2) £a*U TK^f— OO U — rV y 
^7L'-Afc<fc0 3-K«nfe75/iE (E»^CSEQ ID NO) : 1 2) tffeO 

[01 B] 

\ih7"]y- -fu - Tflrrz.V<D*ffimc DN AlH^J (E»^(SEQ ID NO) : 
2 4 £ 2 5) M7 5/W2?iJ (EMWCSEQ ID NO) : 2 6) fcjjVTo 



(78) #82 0 0 2-5 3 4 9 5 7 

CHI C] 

^7X7V~ 7°U - T)Vf^<OWmc DNASS^IJ (K»^(SEQ ID NO) 
: 2 7 £: 2 8) M75/M?1J (IE»^(SEQ ID NO) : 2 9) %mto 
[111 D] 

iXt> K> X 7°5 Y 5/ > ^ ftfc fc. h 7;V>r 5 >m R N A «t>T & § t h 7;!/ 

cDNAE?iJ (E?IJW(SEQ ID NO) : 3 0 t 3 1 ) M7 5/MW (E» 
^(SEQ ID NO) : 3 2) %tk? q 
[0 2 A] 

?7 2*lz£*)nX'Zftrc#*>y7t*GtZ>. thGDNF (hGDNF. fflB?y 
#^(SEQ ID NO) : 1 3) s tf-a-/l/7lJ> (hNTN, E»^(SEQ ID N 
0) : 1 4) , t h-W^^y (hPSP, E»^(SEQ ID NO) : 1 5) fcfc 
h7;Ur=-> (hART, S2»^(SEQ ID NO) : 3) OM^nfcfi5c«i^ 
75 7 liia»7 7 > * > h *^-To 
CH2B] 

1A^3 9, ZtlZtU I2»^-(SEQ ID NO) : 5 1 £&3W§(SEQ ID NO) : 5 

2) jfMS^snfcSSRXXRi^Mfcs 7;Vx^> , ae?©z:^« 

f5V (^tVfn, SE?iJ«(SEQ ID NO) : 26fc29) C77'f^yb*/T 
[H2C] 

^SX7 0 ^-r^yfc©tl5S@TSt), Met* fcJttJjSSftS&SfclhcDNA 
7^^7'J^»^nfccDNA©RACE P C R 0 IWlSSftfe:^: 

[03 A] 

i-o^i^nfeint h r;v-r ^ y^u ^7°^ kot 5 /i?e?ij (13«^ 
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(SEQ ID NO) : 3) tn— rV >^WJ (EWWCSEQ ID NO) - 6) x tttffc* 

©a— r j ytfmmmfa cmmmsiq id no) : 9) 

[i3B] 

(SEQ ID NO) : 4) fcn— r-f y^E5!I (E£i#^(SEQ ID NO) : 7) „ Mtffc* 
©3-f^y»f)«ft (IB»^(SEQ ID NO) : 10). *wfro 
C03C] 

Kofi? nfo&is t h 7;V7 s y# u ^7?- F ©7 5 y he?ij (lE»*f 

(SEQ ID NO) : 5) ^-r^WJ (IS*J#^(SEQ ID NO) : 8 C miZ* 

<Dn~9^yvwmmmw (ihw%(seq id no) : i o £^f 0 
mil 

tlhGDNF (hGDNF, SE»^(SEQ ID NO) : 1 6) t tf-^V 
^'jy (hNTN, IB^iJWCSEQ ID NO) : 1 7) t, th^-b7^y (h P 
SP, E»^-(SEQ ID NO) : 18) fcbb7;Vx5> (hART, @33Wf(SE 
Q ID NO) : 19) <Dm-<Dt}/-%fr7U-l*y~Z^XTJ>T*(Dmm^M-& 
£#fc, S-Mt©*/-A/V7 1/-A7-^yXf^ >Mfg©M©7 
7 5. U V^-iH^J©H-'l4^7Wo 
[05] 

t hMAM&tft b©^il^©7;V^5>'^Il«^L, 0 5AK^ 

-T^n/c^U (A) R N A m f § R N A 7 tt 7 f 7d 7 K ^^to 
[0 6 A] 

^D-^tLT7 7 h7;Vx^>cDNA8ffW6?g^^^/fc 32 P - SUft 
£V 5/ 3 y«^to H 6 A Ji, MSPtf < 5 «f h X\ &MbmT«%>%> <fe 7 

Kmmis&rc&mi 4sit (e i 4t^) ^^v^mm^u worn 

WmT'iZi/'fi'Mtmmtztvf. #ffib9§#W (NR) Ttti^>^r7l/ 



(80) #$2 0 0 2-5 3 4 9 5 

me B] 
[136 C] 

^yb!b^i:oi(r4l77h (ps) ^Bfi^Wc^ayyiga^cT^f 
5 ymiWfcS&iR T - P c RS?f^^to 

[07] 

AR^IH7Btt, 5ng/mlOStlf (0 7 A7?&¥J^S E M£^U n = 
5fr£l 1) tD#ftTTOs X«^tl©7^f^y (i7BT*MSEM^: 
^ > n =5) ©#aT^€>, 4tl0 (PI) 77b^Bgi?nfcfWg 
IP (DRG) -a-D«t5«IOtX^^^U 07Cfi> * 
«5H? OTOS EM^t^ n = 4) »T'©P l 7 7 h^^i^n 
Tc^xnmm (TO xa-ny«t§l»txh^7A^U 07 
D(4, BDNF (lOOng/ml) XiiStGDNF77 = 'J-'JfyF (5 
Ong/ml) mmm&nWlfrZ'D^S EM^T, n = 2) 0#ffi"ftCT 

N P07-y h^e»^*^nrc«tt»SP (no ^a-oyc4#t§aii 

OtXh^^U S7E^ 5S^NGF©#«TT«U 5 
Ong/ml ©^f (TO S E M£^3\ n = 2 £ 8 ) <D#£TT*ig8£ 
#/c±tt^#» (SCG) <D^#-r^Si»©tXh^A^U ITFtt 
, 5 0 n g/ra 1 tO^TH? («S EMW , n=9fr& 1 5) 
ig*£«E 1477 b (E VM) h^Ui/y \L Kn^S^-HfSBS (TH 

+) f-as ymt}&mm*m-z.-v h 

[0 8] 

-a»o77Xh -Y-b;V7-f yT'«Stf 7;Vx 5 y % 



(81) 0 0 2-5 3 4 9 

mU 0 8 AS, mttffiE (Cn) TT**g«£#fcSK-S Y5 Y~;l~p7 
^X b-v«*o¥J|-?& 0 . 0 8 B fcfc, ±BB«IIfi05MfcO^Sia^ 
t^5 10fiMO^Tb7yX^f/'fyi(RA) #ttT7\ 08CM\ 5 
Ong/ml ©7;Vx 5 y#ftTt*©?lTS 0 . 50ng/ml©i 

CH9 A] 

7;Vr^ytf R E TfctStefb*^ iKJgl^tfesCG-a-oycDT^ 
BF?&L (Cn) , GDNFX«50ng/mlC07;l/-r5y CAR 

t) ov^TnA^ias^nfcs cG—^-oy^e^iSW^pyy^x* 

iJ;VRET^/c»*X*'J;VMAPK (MAPK) ©^^^n-y h^ito 
[09 Bj 

7;l/"r5>BNBL-S-a-n^7Xb-^IBII!a*©RET*?Sttfb^ 
ffllfiSffifrS G P I HS^ V/^K*#fe:Ma-rs«*P I - P L C0#£*J& 
I^Waol^lCT, Hi 9 AO J: 7 £j&J»£-5*feN B L - S $8»£€# 
Sffiif0^O5/y*X*y;l/RETXtt*X*U;VMAPK (MAPK) O-fA 

CH9 C*&H9 E] 
GDNF V^V F7 7 5 ^V^iOG F R a 1 - F c, G F R a 2 — F 
c Rtf G F R a 3 - F c U^77m{*«|g^«f>U GDNF, 

»L/c 0 #^t\ a^y^e^^y^— tf (hrp) tm^^tcyyf- 

t:hFc#tf*«BU feJSHHRPSfl3. 3* s 5, 5' -fHW;W 
y^y^lJfflLTiJ^Lfcb^^K#©r^^ ^LfdSfW-ttGFRa - F 

mi o] 

EfiSI&n y^7»^0#ffTWG D NF'J ?Sf V F77 5 L) «fc 
§ Mz 7°7Stt{b^ U RET Wm G 8 7 7 ^ 7n 7^ X h « (RET- 



(82) 0 0 2-5 3 A 9 5 7 

3T4) (Ell OA) tCT, X«^f-3lHz7'*£b<«'f ^-h©^CM 

(MBS) 0^7X5Ffcf:fetGa 1 4E 1 k/G a 1-Lu 
c U-b^Kj;D-B|«l:M«^NLF^a-D-77XF-vli (N 
L F) (HOB) «^1H?£J; »)IS%snft;^>7x7-OTl©# 

rain 

^ < ©Hf^ £V Afr £3gfcH£ftfc G D N F V fiy F7 7 5 U —<D V # V K 

fftH^u /h£fc£TOBy©i^7^fflHfft8fc^r<> 

[01 2] 

t FM77XG F R a 3 MrT^ffiffif* (^ft^ft, iH»^(SEQ ID NO) 
: 6 3^6 4) <D7*/WBSffi\(D77'(y*>h%ttLs El— ©gaStttfy £X 
TfTOHStU N - «i/^t/l/PJAl)!)^ 0 ( h G F R 7;1^3 £>7 5 7 1 
fr£3 1 t, mGFRo3©1^28), ilGFRa3 (hGFRa3©7 
= y|ft3 2ft^ 3 7 2 il. mGFRa3<D2 9fr£3 6 9) , lis©fe£GP 12/ 
F t -St^ilOlOS S C *»J<ttX M/7f (hGFRa 
3 ©7 5 7^3 7 3^64 0 0 t, mGFRa 3©3 7 0*^3 9 7) 
F> b tf C N - Ig-a-^y n^V— > 3 ygMfi^to 

1 3] 

N - »>^;l/iE?ll (7 * u^i- F 1 *^ 9 3) mvx-yn-TJ y^m\ 

t, iiGFRa3 (7^WK9 4A^1 116) ffliOiyn-f^^E 
Mils GP I t/V-tlV^-ftf-Y (T^Ut^F 1 1 1 7 3^5 1 2 0 3) fcHST 

sglfi© c - *«7j<ttx h i/>yfpxy3-fV y^ra^^t? gfrh 

3 MM* (K»^(SEQ ID NO) : 6 5) £3- K-TSfc h 5* * M"?- Kffi?iJ£ 

[01 4 AA^H 1 4 C] 
rj^f^ymBF?- (SEQ ID NO) : 6 8 t 6 9) tEOOU-fW 
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^7U-A (K«^t(SEQ ID NO) : 7 0^6 7 2) ©E^Jfc^&ffiffiWt: h 

[01 5] 

mm^v h7;Vx5 V c DN A*Mff»J (1E»^(SEQ ID NO) : 7 3 t: 
7 4) 3- KStlfcT 5 y^ia^J (EW^-(SEQ ID NO) * 7 5) £%7&t 
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Prolonged Circulating Lives of Single-Chain Fv Protein* Conjugated 
with Polyethylene Glycol: A Comparison of Conjugation 



L. Stanford Lee,- Charles Cortoyer, Celine Shi. Marc Whitlow,* arid David Fjlpula* 



The utility of single chain Fv proteins as therapeutic agents would be : 

drculatlng lives of these minimal arrUgen-bindlng polypeptides were both prolonged and adjustable. 
Polyethylene glycol) (PEG) bloconjugate derivatives of the model single-chain Fv, CC49/2I8 sFv, were 
constructed using six different linker chemistries that selectively conjugate either • prbnm sndnM or 



)) and the effect of rrailtimeric PEG-sFv 

„„ „ . ^ _e and affinity were examined. Although random and extensive PEG 

, , . jr conjugations have been achievable In highly active derivatives of the prototypical PEG- 
enzymes. FEGytatimi of CC49/218 sFv reoulred stringent adjustment of reaction conditions In order 
to preserve antigen-binding affinity as measured in either mu tin-specific or whole cell Immunoassays.' 
Purified Wcconjugates with PECsFv ratios of 1:1 through 2:1 were Identified as promising candidates 
which exhibit sFv affinity values within 2-fold of the unmodified sFv protein; Interestingly, PEG 
cc^gatlonwcarboxylicadd moieties, using a PEC-hydraride chemistry, achieved jdgmJUant activity 
retention in blocof)>> r*,-i>« tigh* PIT. sFv rot* (5 1) than with aj^tflheamlr^teacrive activate 
PEG polymers. Prolonged circulating lite In mice was demonstrated for each of the PEG conjugates. 

An increase In PEC polymer length was found to be more effective for serum ho" *"*- — "— 

a correspondlnB Increase in total PEG mass. For example, CC WIS sFv conj 
strand of PEG-2O00O. or tour strands of PEG-SOOO, displayed al " *" 
half-life, respectively, relative to the unmodified sFv. The deux 
random conjugation chemistries for PEGylatton of sFv proteins. In conjunctiDn with innovative site- 
speclilc crmjugatton methods, indicates that production of a panoply of sFv proteins with both 
engineered affinity and fatilorted circulating life may now be achievable. 



INTRODUCTION 



rate at which these small protein compounds are cleared 
from drculatfcm via renal filtration. The use of veiy high- 
affinity human sFv molecules or mutavalent/muttl- 

associated Fc effector nil 



The Immunoglobulin repertoires in v e Ueu m lia consist 
ofantjgcn-blnding domatas~lhi> Fvmodules-which may 
be employed within the animal in a limited number of 



oi mAbs. It has been the *£ a **?* 



try of antigen-binding proteins by tailoring the binding Two rTJAUcer^i^Iieirua ^Kveral twnpounrfs 

properties, valency, effector functions, and pharmaco- undergoing clinical trials employ PF^yiatton,' the cen- 

kineUe behavior of brBmjnoBwIecules through protein Jugattan of compounds with poly(e!hylene glycol) poly- 

er«lri«rlngMjdMoe»nJugatest^^ mere. » prolong circulating Uftond reduce inununo- 

--e polypeptide design of single-chain Fv proteins ^^t^^Jt^^i^ jS^^^, 

Ides a minimal antigen-binding format which has with primary amines have been employed and PEG 

extensively explored by airtthody engineers In the conjugation of the majority of avalfebfe lysine res dues 

decade U~3). Early clinical trials are employing sFv on enzyme therapeutics such as adeiMB^deamlrase 



*» Fv proteins 

provides a minimal antigen-binding format which has 
been extensively explored by antibody engineers in the 

past^decade (f-j^ Early ^jJ^^^^^J^*^' anV^a^araginase has provided extensively modified 

^n^^^^^t^xj^rilS'S^i^uCS t^Om a mrmm^x^a^''u^ht^. In comparison, 
therapeutic efficacy of sFv proteins may be expanded by PEGyiation of cytokines. hormones, and other small 
drug delivery technologies that provide control over the C^^T^^^^^X 

98M5W. FaxM^f 
PO Box 4099. fflchraoad CA^SrJoTOS." 

IO.KEMjcSWOTSo CCC; H8D0 «1939, 



in etAandrig the clinical po^oFthePEGdrrivrtfves 
due to the opposing effects of f I) a reduction in receptor, 
binding affinity versus (2) a prolonged circulating life 

■ he unmodified protein \17~Z3). Theanugen- 

may constitute about one-third of the Fv 
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sa (24 and reactive amtoes or carboxyb ate 
it surface moledBS on the nypervartabte and 
ally all Fv sequences (2$. 




in detail tffl. Purified $F 
SE-HPLC and RP-HPLC as previously reported (J 
31). Protein determination employed the BCA (bid 
ninic add) procedure according to die vendor's in 



etof4-+-20rai2sFv 



polymer: 
We ha- 




Frodo, starting from the 4-4-20 Fab so 
1FLR). Po!y(ethykne glycol* strands were modeled on 
surface accessible lysine residues. LIU, and H78 
using the program Add __PEG (written by M. Whitlow). 
■AdrLPEG builds the PEG polymer one atom at a time, 
checking each for unfavorable contacts. Each atom Is 
added using a random procedure that generates trara. 
eauche+. and gauche- in the ratios of 0.8S:0.16;0,16. 

Analysis of PEG-sFv Deri vatives. Three 
e employed fa 



EXPEKIMBCTAL PROCEDURES 
Materials. The Escherichia coll GX 



„y of PEG attachment on sFv proteins. First, the 

TNBS method of Habecb {32) was performed for quan- 
titation of free primary amines. Second, the molecular 
mass of Individual PEG-sFv compounds was examined 
by SDS-PAGE and compared to calibrated PEGprotein 
standards with known PEGiprotebi stolcWometry. Pro- 
teins were electrophoresed on precast 4-Z0% slab gels 
and protein hands were visualized with Coomarale bt* 
UantUue GZ5D. Area quantitation of stained bands was 
performed using at Molecular Dynamics Pr>SI laser 

Ir^onSbs-PAGE xmpjn?! » unr^dtftccl polypeptides 
of equivalent molecular mass. For example. PEC-kFv 



i). Mouse anti-CC49<2i8 
paryckmal antibody was supplied by Ertznn. PEG-hy- 
dnalde hydrochloride (Hz-PEG -5000). PEC-trichloro- 
phenyl carbonate (TPC-PEG-SOQO). and A^hydroxy- 
•mtc.inin.ldc PEG-blotfn fJ*HS-PEG-31<XH>Jotin) «*re 
obtained ton Shearwater Polymers (Huntsvllle. AL). 
Sucdnimldyl carbonate PEG (SC-PEG). Thiaamdine Z- 
thtone PEG CT-PEG), branched SC-PEG (U-FEG), and 
bifunctineal SC-PEG (BSC-PEG) were symheslzed by 
Enzon as previously reported {16. Z8-3Q. Calibrated 
PEG-protein molecular mass standards were obtained 
from Enzttn. f CC48/2I8 

sFv Prt.tein.The purification rfdinica^rade CC49/Z18 
sFv front E coif expression strain GX9251 by refolding 




conjugation reaction produced m . 
PEG/sFv stmrfuornetrtc values are reported as 
age for the integrated distribution. Third, steenoaausaoi 
HPLC was performed on selected PEG-sFv samples to 
analyze the molecular size of the derivatives compared 
to PEGproteins with calibrated polymer numbers. 

PEG Modification of Primary Amines. The model 
CCW2 18 sFv protein contains 18 primary amine groups 



succtnlmtde: PBS. phosphate-bufficred saline: PEC, polyCetfcyl- 
ene glycol); SC, KKdntmldyl oarbooate; SDS-PAGE, sodium 

elated glycoprotein: TMB. 3X5,S'-tetr a metlrjlc«n»ato: 
IS, U^Sbm» sulfonic add: TPC. trfchiorophmvl 

aio!itt^2.thlDr«PEG;Tr*tri5C%>ta«y- 

«; U-PEG, branched PEC polymer with 



PEG porymers examined In this study included SC-PEG 
vddimc&cular masses of 2000. 5000. 10 000. 12000. and 
20 000; O-PEG-10000; NHS-PEG-3400+telim T-PEG- 
5000; T-PEG-12000; and TPGPEG-5000. Chemical con- 
jugation chemistries for these polymers have been pub- 
lished (16. 28-30). While phosphate buffers are correnonly 
employed In these protocols, the choice of borate buffers 
may beneBdally Influence the PEGyiation reaction rates 

SS^SSr^fiT^STO 

mL) In 0. 1 M sodium borate buffer. pH 8.0. was reacted 
with SC-PEG at the designated molar ratios for 1 h at 
25 °C. The reaction was quenched by the addition of 50 
mM glycine and the product was purified by Superdkt 
- "".HPJX. 



» 19 aspartie add/glutannc 
add groups in addition to the carboxyl terminus of the 
polypeptide. The utility of PEG-hvdrazide in selective 

scrS!d(/e 



i sFv protein (2 rngtaL) in 59 1 

to pH 4.75 by addition of HCl PE&hydrazide 
"" J — — ■ — ' ~! of 2T»teld.The 



_ : 3 1 
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pH (4.75-5.0). The r< 



m of CC4W21S sFv. 



5000, wWch includes 
the two polymer tern 
reactions to produce 
5000 (I SO mol was di 



activated SC group at each of 
was utilized In cross-linking 
tlirmrfc Fv (mFv). BSC-FEC- 
I mLof25mMMops 
add) buffer, pH 73. 
Within 10 » 0f dissolution, the PEG solution was added 



SiomqpgieCteni.Va.'li Wit B, 1999 B75 

re Med at 25 min, and 2 and 6 h: all sbtrnice 
-- n^YvasaHmvedtodrtantf then 

iFv were measured 
hy EUSA. The circulatory half-life, an 
and mean residence lim- r - - l - " ' 
calculated using a oneH™.-,-- 7 
(WinNcmlin software package. Scientific Consulting, 
Apex, NC). The rarrehttimi between the observed and 



to CC49/2«8sFv protein (1.5 mg/mL) in 2 mL of PBS (25 
mM sodium phosphate, pH 7.3. 0.15 M NaCl). The 
*— " *- — 24 "C The reaction was 
E guanldine hydrochloride 
on of 0.6 M. The material 
! cm x 60 cm Superdex 75 
SE-HPLC cotonn previously equilibrated in 50 mM Tris- 
HCU pH 7.3. 1 mM CaCU, 0.1 mM PMSF (phenyl- 
TnethanesiiHKiyl fluoride). 50 mM KCI, and 60 mM 
GuHCL Following fractionation of heterogeneous multi- 
mers by gel filtration cr^oJOTO^rap^nionojner, dlmer, 

to calibrated PEG-sFv standards by SDS-PAGE and 5SV- 



EUSA 

procedures were performed using i 
ously published procedures {10, 
nuudBary mucin (1 /(g/100 jA. Vi 



^J.VfaledCCiSfiittsFv 
protein {37) was dettrmtaed by SDS-PAGE and RP- 
HPLC to exhibit 299% homogeneity. We have previously 
reported that CC49 sFv with the 18 residue m ZlB m linker 



_.e freshly purified protein preparation. Mucln- 

bindfng activity of the sFv protein was rJiaracterted by 
ELISA and cimpetftien FJJSA as previously described 
(35) and the apparent dissociation constant, Ki = 4.5 x 
10-»M,wasde 



drug delivery strategy which is employed in 
FDA-iicensed ptrteinjruropeirttai Md^sevjia^ongoi^ 




at 4* C, rUJSAdetra-mlriatiims of the unbound and bound 
sFv fractions were performed as described aT 

Circulating Life In Mice. PhaiTrwoktiKtfcs of si 
and PECyia ■ ~ ' r 

(CD-I) 7-8 

Dawley (Ma 

60 j<g of protein of PEfrstf'v i 



_„ -framework 

.... , (4 29 that the 

te-spedfic sFv conjugations to engineered cys- 
W-glycans Is a promising approach for selected 

w ens. However, it would also be desirable to 

develop sFv FBGytetoyni 

r^re^aTteratB^irflBpTBna^ sequence of the sFv 
* — '—modeling of a re] 



(CD-I) 7-8 week-old mice supplied by Harlan Sprague ™t 
Dawley (Madison, WI). A single injection (200 pL) with 1 
60 itg. of protein of PEfrsFv derivatives was performed ant 



pllng of blood (100 >il) via the re 



tine. In tta minimal standard protocol (/V= 6): tl 
mice were bled at Z mln and 1, " ' ' "— 



n with 0.09% Aver- About 21 




typical human VJJ2VW H m sFv contains ! 1 lysines (two 
and 17 aspartlc-'glutamlc^s CEh*yn CDRs) 



•e binding affinity and (b) drcula- 
were evaluated Sir PEGylated sFv 
I five different; activated PEG linker 

Jdrtion, PEGylated sFv conjugates were 

evaluated by SDS-PACE, SE-HPLC, and chemical anary- 

and^htterogentity of the Sropourids. The' PEGylation'' " 
reaction conditions (see Experimental Procedures) re- 
quire an excess of activated PEG relative to sFv protein, 
and the relative stolchiometry and reaction tunes were 
adjusted tti optimize the polymer ra. 
jugate while also me »>»■»*■ 
The Eve aroinr - 

sucdnimidyl ca. — — - —v. - - - 

fT-PEG), W-hydroxysucdnimlde (NHS-PEG). W 
phenyl carbonate (TPC-PEG). and branched SC-Pw, pj- 
PEG). Incremental PEG polymer lengths of 2, 5, 12, and 
20 WDa were additionally investigated for the SC-PEG 
linker chemistry. PEGylated sFv proteins were purified 
by SE-HPLC and cation-exchange chromatography to 
completely mimntW bloconjugates mini any remaining 
unmodified sFv protein. Our Initial ELISA results indi- 
cated that attachment of greater than four PEG polymers 
per sFv using any of these five methods resulted in 
diminution of sFv apparent affinity by 30-100-fold (data 
not. sliov.il). Consequently, we focused our attention on 
the goal of producing minimally PEGylated sFv, which 
displayed apparent binding affinities within one log value 



heterogeneous mtxn 



target residues may need to be carefully tailored for 
Individual sFv. We chose as a model protein, CC49/218 
sFv, which was recently Investigated clinically as an 



_ .„ a fairly challenging model 

murine sFv wherein four of the total tB lysines are within 

-* — Tvhileflveof the total 19 aspar- 

a are within CDR loops. In 
is Rabat consensus sequence for a proto- 



nber oTmodified 



.„ .wtonnVf %nvtaft*>i out 1-fS 

shown In red, the V,, in blue, the Anker in yellow and the 
anagen in (srcn. The CDRs have been hishfightrf in light 

ngthoaat^lnBdmgsloilnthBCK 



at the N-termimis and an exposed caiboxyl group at the 
C-teraunus nhis additional tarpi rs .1 lues w'Lhirs the 



e prevalena 
a Fv surface: 



in in Figure i. For most reactions, the pmSwtim <* * 



0. Cojtipeation EUESA dem- 



a W% We lu,„ 
apparent K, of 2- and 12-fold for glycosylated sFv and 
multlph/ PEGylated. glycosylated CC49/218sFv. respec- 
tfveJyT^- While identification of the most reactive 
primary amine sites for each Individual sFv protein and 
for each individual activated PEG porymer would renutre 
peptide mapping and other chemical analyses, the dem- 
onstrated capability of randomly attaching one or two 
polymers to active sFv molecules suggests that the 
lysines within, or very near, the antigen-binding site may 
not be the most reactive moieties using these reaction 
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MO S»»*(p!aCfre(n,Vitltl,N(..6,13!» 

Second, the erapUryrnent of PEG polymers c 
tended dradattag lives to a 



than multiple shoreer polymers of equivalent total mi 



4.8 exhibited a fuz = 9.8 ± 

sFv wfths PEG manner ofl.l demonstrated a (is » 12.8 
± 0.7 h-Trerd. the extension of AUC by as much as 20- 
iMrt such « tn the SC-FEG-2O0QO sFv compound. 

— ' -*rtg sFv arttlgen-binding 



tatiHaHy campromistagsFi 
es well for the potent!*! « 



Leeet«L 

longer conjugates. Figure 7A shows the SDS-PAGE analysis 
ft™ of these preparations. As described ' ™- " 
Procedures, a solution-binding assay 
compare the relative functional affinity 
SC-PEG-5000 sFv and multirnerte PEG-sFv < 
As shown in Figure 7B, a marked increase i 
affinity was observed in the PEG-mFv conjugates > 
compared to the PEG-sFv monomer. A compa 

apparent affinity was previously reported in 
lys of the dlmeric CC49 mAb when compared 



systematically extending the bioavailability of sFv pco- 
temWrapeutlcs. Figure 5 slimi-s the blonf clearance 
kinetics of the PEG-20000 sFv cwnpouna, and Table 2 



includes the calculated K» for this compound fo 
■validated surrogate antigen, bovine submaxillary iiubii. 
As an Independent cadJrmarfori of binding activity for 
this compound to the cumw associated mucin target, a 
modified EUSA analysis ofequllibriumMnning using the 
TAG-72-e^re38ing LS-174-T carcinoma cell law as cap- 
ture antigen was performed as previously described (35) . 
As shown in Figure 6, the PEMC^mwflied r* 



the monovalent CC13 sl'v (J« Si). Further Improv*- 
erWthi. .pr. icf-m , U ^13d ( w^b m- r ">l V 
te-speoSc r«leiobSfuncrlrmal activated PEG polymers 
of selected length to achieve wdl-deBned cross-linked sFv 
protein ctaapoundf. •which may be highly adjustable with 
respect to the critical circulating life parameters. 

InarndL^orfc^rt^feawaod^lyoresl^ltahcd 
ranrtnm PECvlattan procedures for generatuig highly 
compounds exhibiting substantial exteo- 
timj lives m mice. The potential to create 




targeting goal for the sFv, and 
efficacy can only ba fully valid. 
Although the attached polymers may 



effect" («>-« of polymers such as 



may provide 
ingborhpas- 



^1pH§ d and t acrtvi n (sFvf 

ttBtwrsorothr 

WEGylatedl 
intrinsic prope 

™'^ofsFv^tein^(I. ^J?. H 



m the EUSA data 

. . .n^™. and the purification of bioconjugates. We are 
also grateful to Jeff McGuiro. Jo Bossatt, Rich Green- 
wald. Kwok Shum, and ChyJ Lee forsup^ and helpful 
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... „.,. . jlrfY- satitolJittlcu.mii^edsFvispiod^TIMsi'vaatigtt- 

ar the polypeptide C-termlmM was binding affinity should be preserved and the N-linked site 

found to produce the optimal rerattn. Furthermore, the shoaMbedistaI»tfe*antigen-Hndkgsn^Foa«h,tbeatertoj 

percentage modification and chain length of the attached oligDsacchnide should be idabvely homogeneous and have a 

rm-Wdud- were controllable by the me of tandera composition eahabls fw^ngalwof^ogud 

and overlapping Aau-X-Thr tr>pep«de rites. The giyeosyl- processes. Fifth, the darn length orfiie obgosaeehmiiics shuuM 

ated .Fv mi-nose chains could be effectively canjngated ideally be adjustable to provide wss£dy n derigu ■ 

to^ethytoeEJycol.at.da.ere^iangconjnsateditpl.ycd Using the model irogle-eham Fv, CC49/21 I sFv, we have 

. fofold Incre^^ potential engineered glyeo-sFv r*ot^^^ 

to central palymeraFv or drngsFv molar rattof by site- pastor* which meet each of these mterta. High-level esj 

spedfk eonl-E-tion may substantially Improve the then- sion of unmodified sFv m P.paslorls has been reported 

peuHc efficacy af these minimal antigen-binding molecules, viously (Ridder el a!., 1995; Eldta et al 1997; Led * 

L|««»fe tVyglycosylation/HcWpoIyethylene glycol 1997). Snrpnsmgly, attachment of N-hr*cd«re -W*--- 

. very neat the Otenmnus proved to be the most desirable 



The engineering advantages provided by the single gene, 
single polypeptide desir ~' '" """" " = " 
Increasingly tmdesFvp 

choice for antibody engineers icrcgccu tu at^ * coiuu, 
1997). More recently, there have been 
idvaaces which attempt to combine the 
erTector, avidity or pharmacological properties of intact mono- 
clonal antibodies with the trkoplicity of sFv rrrotems (Whitlow 

el a!., 1994; FUrjuUtf 1996; Hoffigw el of, 1997; The gene foj^C£»9fll_S _sFv_ 
engineered in multimerie sFv. The 

of whole mtibc_ies may be either „ m „. , „ , 

r^insOTraanitedbyWf^ Cyclone DHA Synthesizer. Invttrogen (San Diego, CA) strp- 

logical properties such as circulaong half-life are similarly plied P.pastoris hosts and vectors. The GlycoTrat* Carbohyd- 

inflaeticed by sFv protein formats. Meanwhile, the affinity rate Detection Kit, Endo-glytesidase H, r^mtide-rV-grycosidase 

matatatioTi of natural antibodies by sorr__c muaation has been F, o-mannosidase (jack bean), ofrmannosidase (Aspergillus 

surpassed by in vino CDR rmitagenes"u and phage display rotoOmdp^n-iiwsidaseweiepiirchasrf 

ir_*bods that have produced high affinity specificities to Svstcrr_(RoseoMe,r^.DigoiugenM^ 

virtually any antigen (Marks and Marks, 1996). obtained from Boebringer Mannheim (Indianapolis, IN). Pre- 

Another property of natural IgG antibodies which has been cast poK/acrylamide slab gels (4-20%) were obtained from 

useful mtbedeveloprnectof irornuruHMnjugatesistiiepresence Novex (San Diego, CA). Bovine subnaxillary mucin type I 

of Wiiiked glycosylation On IheCH, drnnain. The oligosacoh- was purchased from Sigma (St Louis, MO). Superde* 75 and 
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^tycosylatioii (I^X t/S) are inmcatrfm.Table Tor described 
in the tati. UNA sequence analysis using T7 " 
version 2.0 (Arnershain) was performed io confirm 
constructions. For the final "* ' 



(1988). Briefly, tb 

three times with PBS ana incabated with a. 1:1000 
of rabbit anti-COi9/2l8 sFv antibody in Mooting 
■ - • • — ofhorseradwh 



AACCGAGCGTTCTGA-J' were used in a PCR reaction. The 
existing JumlH site in pOX5608 was conserved in this reaction. 
Gfyco-iFv gene constructions 

Glyco-sFv genes encoding C-terrafoal extensions were pre- 
pared in analogous PCR reactions fbr ligation into pHIL-Sl. 
The downstream primers were S'-CCAGGATOCTATTAAC- 
TGGTCITGTTGG AGACGGTG ACTGA-3 ' (EN23S). S'-CC- 
G<XiATCCTATTAAGAGGTAGCOT'GGTCrTGTTGGAG- 
ACGGTG-3' (EN279), S'-CCGGGATCCTIAAGAGGTAG- 
TATTGTTGGTCTTGTTGGAGACGGTG-3' {EN2S0), 5'- 
CTCGGGATCCTATTAAGAGGTGGAACCAGAGGTCTT- 
GTTOGAGAC-3' (EN292), S'-CTCGGGATCCTATTAAG- 
AAGTGGCATTGGTAGCATTGGTCTT-3' (EN293) and S'- 
GATCGGATCCTTAAGAGGTAGTATTGTTGGTGTTAGA- 
GGAGACGGTGACTGA-3' (EN294). GrywMtFv genes 
encoding insertions in the Smal site of the 21S linker were 
rrreeared by a single ligation (EN290) or a tandem ligation 
(EN29I ) of the synthetic linker pair S'-AACAAOACCAA- 
CAATACTACC-3' and 5'-GGTAGTATTGTTGGTCTTGTT- 
3': Single N-X-T soohobs v 



Expression of gfyco-sFv in Pkhia pastorts 
The Rpamris expression vector pHU^St was used for expres- 
sion of both the rnanodifted and glycosylated sFv. This vector 



for 1 min. 
Purifiaition oJsfycosPv proteins 
An adaptation of our repotted piol 
CC49/218 sFv from E.coli was UK 
Two liters of cu 



15 roM Tris-Hd (pH 



andtoededor 



(pH6.2).Gi. .... 
containing a gradient of 0-1 50mM NaCI. The i«natedfiactjons 
were further purified by Sujwrdex 75 SE (toomatograpby tt> 
isolate specific high molecular weight gryco-sFv fractions. 



s obtained.ftom Oxford GrycoSysteras and used accord- 
ing to the accompanying product literature. 
Gtycoprotein staining 

detection kit (Oxford Glyco- 

Syslems)was used aa 
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I%>xigerun-Iabeled Galanlhus nivalis lectin GNA was used 
according to mesupplier's instructions (Boehringer Mannheim). 
Binc&ag of gtycosFv la Con A Sepharose 
A 1 ml amount of Con A Sepharose resin in binding buffer 
(20 mM Tris-HCi, pH 7.4, 0.5 M HaCI) was incubated with 
58 |il of dialyzed EN235 CttUurs supernatant The beads 
were pelleted by microcentrifiigation and the supernatant was 
removed. Elation the bound giyco-sFv was performed by 
washing the resin with binding buffer containing 0.2 M 



ELiSAfor sFv binding activity 

Immunoassay procedures were performed using modifications 
of previously published protocols (Milenic e» erf., 1991; 
Whitlow et al, 1994). Bovine submaxillary mucin (250 ng 
per 100 (il well) antigen was used to coat microtiter plate 
wells (MaxiSorp, Nunc, VWR Scientific, Boston, MA). The 
glyco-sFv or purified CC49/218 sFv proteins were diluted 
serially in PBS containing 1% BSA and incubated in the 
coated Wells at 22°C fori h- Alter the plate had been washed 
with PBS containing 0.05% Tween 20 (PBS-T), tnc bound 
sFv was detected by a 1 h incubation with a secondary antibody 
(moose fmn-CC49/218), followed by a PBS-T wash and * 1 h 

mouse IgG antibody. Signal generation was performed using 
PNPP a described by Harlow and lane (1988). The plate was 
read at 405 nm using a Molecular Devices (Sunnyvale, CA) 
plate reader. In a second ELISA method, rabbit anti-CC49/ 
218 sFv (1:2000 dilution) and HRP-cocjugatedgoat anti-rabbit 
serum (1:2000 dilution) were successively incubated at 37°C 
for 1 b. The plates were washed three times with PBS-T and 
werereadat 650 mn following addition of 100 ul of3\3',5\5'- 





described previously (Zalipsty el al, 1997). Polyethylene 
glycol-conjugated glyco-sFv was purified bj " 
HPLC. 

Orc^ng life tn mice 
Phamacokinetiea of sFv and sFv c 
in ICR (CD-I) 7-8-week-old female mice supplied by Harlan 
Spraguc Dawlcy (Madison, WI). A single intravenous injection 
of 60 u.g of glyco-sFv protein was performed via the tail vein. 
After compotuuiaebrJniSnition, sampling of blood (100 (il) via 
therecta orbital sinus was undertaken following anesthetization 
with 0.09% Averiine. Blood was allowed to clot and then 
processed for serom and immediately frozen. The concentra- 
tions of the modified sFv were measured by EUSA. The 
circulatory half-life, area under the curve and mean residence 
time for the sFv proteins were calculated using a one-compart- 
ment Lv. bolus model (WinNonlin software package, Scientific 
Consulting, Apex, NC). The correlation between the observed 
and predicted mode! time point values was 5»9S%. 



r protein tad H-iiakel tat md ouar 
l (A) £c Vt-lain-Vn ETr model it timed on lie 4-4-2 



Design strategy for glycosFD 

A structural view of V^-lnto-Vf. sFv architecture (Whitlow 
et al, 1993, 1995) and a consensus model of Wglycan high- ■ 
mannose structures in P.pastoris (Kutauzksia e< al., 1987; 
Herscovics and Orlean, 1993; Miele «<«!, 1997) are shown 
in Figure 1A and B, respectively. The ami-TAG-72 sFv 
protein CC49Q18 (Milenic el oh 1991), which was recently 
investigated clinically as an imaging agent for metastatic 
colorectal carcinoma (Larson et al., 1997), was chosen as a 
model sFv for our investigations of N-linked glycosylations 
in P.pesloris. Expression of the CC49/Z18 sFv gene using the 
vector pHIL-Sl produced correctly processed, secreted sFv 
1279 
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protein at about 30-70 tng/1 per gene copy cumber. The CC49/ 
218 sfv purified from P.pastorts EN225 and the clinical-grade 
sFv 6om£.<»B GX925 1 were found to hums equivalent affinity 
{JQ = 3.6 X 10-* H). In order fo minimize the potential for 
N-tinked glycms to Mode statically the antigen-binding rite, 
our preferred N-linked attachments were initially placed in 
four back loop residues V t 12, V L 77, V H 1 3' and V H 82B (Rabat 
ei a/., 1991), the second residue of the 218 linker or the C- 
tetminus. Site-directed mutagenesis of or" 



f<nsnd" that placement of one N-X-T/S Bi1 
s resulted in cither inefficient glycosyktion or 
h likewise, combination of five orj^ofjfcese 

but poof yields and heterogeneous products, 
t be best au««l results were obtained with the V H C-terminai 
modiScatioa (EN23S) which placed the M-X-T setjwm one 
residue before a» terminal serine (see Table I). In this case, 
as ranch as 55% of the expressed sFv contained N-linkcd core 
gtycsnof~3 kDa as characterized by SDS4PAGE and Western 
blot analysis using the ^-glytanases Eado-H and PMGFase. 
However, the placement of lie single N-X-T tripepade before 
a five-residue ^terminal extension (EN292) increased the 
" re Jf-glycan addition to >9S% m 
d Figure 2A). EN292 «r-'~ -- 



it - . ■ 



n yields of 70-100 tog/1 si 



290 225 



glyco-sFv protons. Since the presence of an AT-grycsn within 
4-8 residues of the f>termirnia is extremely rare in natural 
glycoproteins (Gavel ei <*. (990), this was an unexpected 




EN280 products also contained detectable 6 kDa tf-glycau 
products. Perhaps the most surprising result is shown in Figure 
2A for BN294. Inclusion of tbe single two-site overlapping 
aijBBtide sequence N-N-T-T one residue beToce the C- 
terminal serine produced gtyeo-sFv products whose tf-glycan 
molecular mass coTrespoaded to -3 kDa (minor) and 9-15 kDa 
(major). By Western blot analysis, mtmodified sFv was not 
detectable in the EK294 culture. In contrast, lbs ctnrespondiDg 
one-site version, EN292, produces exclusively glyco-sFv with 
a 3 kDa cot* Wglycan wl 

stained SDS PAGE gel(. 

(NNTT) for one form of hyperBlyoosylation in Pichia. Of the 



27 



CCWJtBlFv 



(_j_10 rogfl) was observed only in EN293. From these 



core tf-glycan modified sFv (EN292) or hypttglyeosylated sFv 
(EN2S0) is achievable with high yields of secreted glyco-sFv 
(>50mg/l). 



^ jra ot overlapping sites i 

sites was also successful in promoting increased core glycosyia- 
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tecrjdcd is controls, ensuring "Tv noflc (-SO HfW) «ci ami* 



lion arid/or byperglycosyMoa. For example, CC49 sFv with 
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> <jf glycMTv pirfcbs wilt H-tfyvng. 

ut trtyto-sFv variols and parent saain feefoto (-) or trier (+J 
■mb EWo-gljcwiiaK H. (B) Werton Met aonryiii cf BH336 



Hon) yielrb were diminished. Indeed, expression of Iht 
tandem NXT Ur,ket variant, EN291, produced neatly undetect- 
able yields. The choice of a C-tcrmmal mrjdificaDMi stems to 
be the optimal design by all criteria in our studies. 



N -linked glycosylatkm of CC49/21S sFv did not sii 
affect tbc b'icditg .vlmity o< ti-c protein as chararj 
EUSA or competition ELBA. Figure 4 shows serial dilutions 
of the <fialyzedglyco-£Fv and native sFvsuj 




avc a relatively simple 'high-mannose' stroctnre (Hetseovlcs 
nd Orlean, 1993; Miele er <d., 1WT). Plchta At-gtycaaS may 
e even less complex than those of SauJuavmyea cerewsiae 



MaOmGlcNAC] may be further modified by al-5 m: 
outer chains which may have ctl-2 mannose branches (see 
Figure !B). However, while 'hryperaiarmoiryJaunri' is typical in 



ol-2.6>3 rremnrjjdase! As shown in Figure 3 A, all A'-glyoana 
PNGase F digestion produced similar results (data riot shown). 
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linkages is often limited by a cracomitaat loss of binding 
affinity (e.g. Pettit ei nT., Wf). The ability to secret 
core Jf-glycaa modified sFv using a single N-X-T C-t 
site orbypCTglycosyhtedsFvusingatwo-orliaee-iiite 
was unexpectett and provides math more versatility to 
of gJyea-sFv in bioconjngate strategies. The potential 
these gryeo-5Fv proteins in immnnoconjugates ma) 
upon the substantial foundation ol saibohydrate-conjugatcd 



While we 

Bfe of minimally PEGylated glyco-sFv, we have already 
achieved FEOisFv ratios of >8 in active preparations of these 
conjngateB and s!sd expect that the use of longer PEG polymers 
winrurthereMmdBeramr^-Hfe(Greenwalde/a/., 1996). The 
circolarkg life of therapeutic single-chain Fv may ultimately be 
controllable by the choice of PEG-sFv bioconjugate. 

The mannosc-tsnniriated sFv ('mannabodlw 1 ) may also have 
interesting applications beyond bioconjngates. C " " " 
effort has been applied by several research groups i 
tag numnoBe ' 



„ , ,. . K tofgedng of , 

jn glyco-sFv to infected or caoccrotii 
cmployedchmi^ytopjovcteabyparacutei . 
of the diseased tissue. Engineering P.pasloris to express 
glycosyltransfeiases from higher eokaryotes may ultimately 
provide further versatility. Additionally, the K-linked glycosyl- 
aticm designs deecribed in tins paper may have many applica- 
nt in the selective (hypcrjgrycosylatirm of other therapeutic 
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